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FOREWORD 


r This is the third* in a series of training manuals'developed by David 
Dlchter & Associates, in, cooperation with the Government of. the Fede¬ 
ral Republic of Germany, devoted to improved grain storage practices 
at the farm and village-level in the developing countries of Asia, Africa, 
and Latin America/This Manua|/is largely based on material developed 
for the EAST AFRICAN WORKSHOP/IRAINING' COURSE ON, IM¬ 
PROVED FARM & VILLAGE-LEVEL GRAIN STORAGE METHODS hejd 
'at the East African ^Community Management Institute in Arusha, Tan¬ 
zania from 28 February to 12 March 1977. The course was sponsored by 
the Ministry of Agriculture of the Government <pf Tanzania,(Kilimo) ^nd > 
by the-Gerrhan Foundation fbTThternational Development (DSE). David 
Dichter & Associates of Geneva, Switzerland served as the Workshop 
Secretariat. _ .** . ■ : 

Whereas much of the informatiorf^ntajf^SlLin tms'lJlantjal was pre¬ 
pared for use in the East African Regional Workshqfl, it was also de¬ 
signed to serve the needs of ma'ny other regions in the developing 
• World, particularly as ac^gerjer^traipifig guidfe for technical and exten¬ 
sion personnel engaged in. redoing post harvest IgraiiVStorage losses.^ 
Accordin g ly* eve ry effort has been made to produce a book which can 
be used not Only as a practical teaching device, but also as a com¬ 
prehensive field traini-ng manual. The fact that more than half of the par¬ 
ticipants’ time at the Arusha Workshop was devoted to on-the-job train¬ 
ing in silo/dryer construction, maintenance, and appropriate utiliza-, 
tion, serves to emphasize'the “self-fielp” approach of this‘Manual. 
!Many of the drye^nd storage units featured* in this Manual have been 
successfully used for a number of years in various parts of West Africa 
and the Sahel, regions-which have comparable temperature and humi- 


. "WEST AFRICAN SEMINAR ON THE VOLUNTEER ROLE IN FARM & VILLAGE-LEVEL GRAIN STOJ^ 
' AGE”, TOt^nou;‘Dahomey, December 13-21, 1974. Published by the German Agency for Tephnfeal 
Cooperatibn (GTZ), Postfacfj 5180, Eschborn 6236, F. R. Germany,*1975. V 

. “WORKBOQK FOR EAST AFRICAN WORKSHOP/TRAINING COURSE ON IMPROVED FARM’S Vl^- 
LAQT-LEVEL GRAIN STORAGE MEadODS”, Arusha, Tanzania, February 28-March 12,1977, German*; 
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dity eon’ditiobs to many.parts of East Africa. Thus, the organizers of the 

Course felt that it wIs reasonable to introduce these models to the 

■ .-*# —. m ' 

trainees attending trie Arusha course. In addition to applying the sue- 

cessfulexperiences gained in West Africa, an effort was made during 
the Workshop to. analyse, discuss-.and in some cases actually con¬ 
struct — those types.of grain storage and drying systems which have 
been found to*praduGe*tjFie best results for subsistence farmers in East 
Africa. \ . ./ . . 

To make best use of this training g.uide, it is recommended that the*' 
reader first le^rn as much as possible about the area in which he orshe 
is working. To assist him in this effort, a “Field Questionnaires” js in- 
eluded as the last chapter. Besides providing simple, data-gathering 
techniques on local social and economic conditions-, the “QUeslftn^f- 
naire’ienables the userto make a systematic analysis of the information 
collected about local grain storage practices. 

The Manual itself is divided into ten chapters. If used in conjunction 
* ^ <?• 
with a training course,- each chapter provides information for approxi- 

rfiately.a half-day’s study. Two of the.chapters- “Storage Systems*’ and ’ 
'.'Dryer Systems” - contain detailed building plans of improved grain- • 
storage/dryer units far use in an-.pn-the-job training programme. 
Although the manuaVcontains data about various types of improved 
farm and village-level grain storage and dryer systems, it is notmeahtto 
be a cojmplete reference work in itself. It does offer,'however, informa¬ 
tion on seized models which have proved successful in a wide variety 
of operational and climatic conditions. The user is encouraged to make 
any necessary improvements or modifications based on local condi¬ 
tions. _ ' , A • . * \ •* 

\Ne recommend, 4 especially if the Manual is being used in a training 
course, Thai the reader first look over the book quickly in order to see 
jbiect r 


now the subject matter has been presented, fie should then read care¬ 


fully each chapter befdrejt is discussed in class. y 

^ V . . ' \ '" 

1 ' ." ,*• . <\ . v . - 

^s part of the systematic approach used in this Mammal, there is a series 
af questions at the end of each chapter. The user is Idvised to try and 
answer the q'Cfestions^fter becoming familiar with the subject matter, 
:hus fixing the most irhportant features in his mind. Experience has 
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shown tHaf the most effective way for a person to ma^e&jse ©yits part 
of the Manual-is first to answer the questions in pencil, and,later jot 
down comments and questions which he may have in order to discuss 
them with his colleagues in the classroom, at his place of work, or in the 




.field. Afterthe classroom, period, or after he has consulted his super- 
visors, it is suggested that he recopy the answers and additional notes, 
in ink as a permanent record.. „ • ,• .Vl 

There is a bibliography of books and other works at the end of the Ma¬ 
nual that m^y be useful.if more detailed information on the subject is re- 
quired. ' • 


May 1978 


Geneva, Switzerland 

i 




David Dichter __ 

Senior Associate _ 

DAVID DICHTER & ASSOCIATES 

J 

9 rue de yermont 4 
f202 Geneva, Switzerland 
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INTRODUCTION 

$ 

Feeding the world's population has always been one of mankind's 
greatest problems, and yet it has taken on even greater importance in 
recent years. Widespread famine is now a reality. The year 1972 re¬ 
presented a turning point downwards:; for the first time in over twentyll 
years, worldwide production of cereal grains decreased, while the* 1 
world s population continued to increase at an alarming rate. 

Reactions to this crisis were many and diverse. International organiza¬ 
tions mobilized their resources, new agencies were created - and mas¬ 
sive relief shipments were begun, ^nd income particularly hard-hit 
areas airirfts were instituted. The affected countries in the West African 
and ’Sahelian regions for example, banded together to work on. botfly 
short and long-term solutions to their food problems. The United Na^ 
tions, through its Food and Agricultural Organization, held a World ' 
Food Conference in Rome in 1974. ‘ - ' 

The statistics, however, continue to be disheartening, with deaths re¬ 
ported in unitsof lO.OOOor even 100,000 accompanied by predictions of 
possibly even greater catastrophes in the future. The long-term damage 
to agriculture and herds in the affected regions is virtually incalcuable 
to human society in terms of brain damage (through malnutrition) and 
other horifying afflictions. Plans for making just one of these regions- 
the African Sahel - famine-proof, call for the expenditure of billions of 
dollars. - - f 

In an assessment prepared by FAO for the World ’Food Conference in 
1974, it was estimated that the demand for cereals in the developing 
countries would reach 929'million tons by 1985, yet the report predicted 
that produtflion would not rise over 853 millipn tons. The deficit of 76 
million t#>ns would be about 100 million tons if the cereal exporting 
countries among them were excluded. Assuming that losses in the 
post-harvest period are not more than 10%, which FAO believes is a 
rather conservative estimate, this means 86 million tons lost per year by 
1985 if no action is taken to prevent it. Furthermore, if one considers 
that these-statistics include bulk storage facilities where losses can be 
muchbetter controlled, then t-he on-farm and village-level grain storage 
losses in developing countries are obviously going to be higher than 




10 '%; in fact, perhaps as high as 20-30 % for grain stpred six monthsdo. 
a year, and most likely substantially higher for carry-over stocks of more 
than a year. ThSJ^At) report ooncludes_that with the recent weighted 
export price of US $ 176 per ton, this'would represent a loss in foreign 
exchange to developing countries of the order of approximately 
US S 7.5 billion per year. . ‘ ^ 

International aid programmes and many extension services have tradi¬ 
tionally concentrated their attention either on increasing the volume 
and means of production or on introducing new systems of marketing 
and distribution. Actually, it is in the middle- between harvest and saje 
(or harvest and consumption) - that the greatest losses occur, espe: 
cially to the individual farmer’s grain. The effects of these losses are 
staggering when applied to overall grain production of the less de¬ 
veloped countries of Asia, Africa, and Latin America. They are tragic 
when measured against the circumstances of the individual subsis¬ 
tence farmer, who is still the mainstay of agriculture in most developing 
countries.. Add to this fact that 80% of the average subsistence far¬ 
mers grain crop is kept on the farm or in his village for seed and con- 
sumption, and the effect of thj^se storage losses bec/mes readily appa¬ 
rent. The problem of maintaining adequate food security stocks at the 
farm and viliage-level is of vital concern to government officials in the 
developing countries. Because of inadequate storage facilities at the 
local level, however, there is little if any effective carry-over stocks of 
cereal grains from one year to the next. Under serious drought Condi¬ 
tions. or in the event of other natural or man-made disasters, this often 
causes severe hardships for subsistence farmers and their families in 
the affected regions: ’ - . . . \ 

Because subsistence farmers in most developing^untries are unable 
to store their excess grain adecftiatelyjor moredhan a few months be¬ 
fore it begins to deteriorate, the practice at harvest time in most de¬ 
veloping countries is for farmers to try to sell off their surplus amount 
immediately This represents -virtually their only cash income from 
cereal production for the season. Since thousands of other farmers in 
the region are also selling their surplus at the same time, the inevitable 
result is either plummeting grain prices (in a free market situation), or 

"‘ r ■ * 4 

where there is a^single'purchasing authority, bottlenecks and delays 




brought on by overtaxed centtalized storage, facilities and inadequate 
inland transport. However,, just before thq. next harvest season, when 
their cash reserves are likely to be at their lowest level and their personal 
grain stocks hardly sufficient to maintain their farriilies on a s s ujgsistence 
basis, local farmers invariably find themselves in very difficult circums¬ 
tances. It is a common practice for subsistence farmers to go into seri¬ 
ous debt because thqy were forced to buy grain stocks-often at inflated 
prices - from private dealers in order to replenish their household sup- 

pHes. . V X 

Whereas efforts to combat the problem through /he introduction of 
cooperatives, price supports and the like are ver.y useful and dcfin some 
cases help subsistence farmers to pull themselves out of this vicious 
economic''cycle, there is another'solution that is perhaps often over¬ 
looked because of its inherent simplicity. If the farmer had gccessto in¬ 
expensive. efficient farm and village-level storage/dryers^tems for his 
grain (and wher^necessary some form' of agricultural crt|ai^i^8ould 
not only hold bac^his grain until later in the agricultural y«arwhen he 
wgs most in need encash and likely to get a Better pricefant, buTmosT 
important of all, gua'tentee himself and his family a prftFch more secure 
as well as nutritious ITpod supply during the Corriinmyear. '=> 

As urbanization has advanced in varying degrees in the developing 
countries, with the resultant growth of population in cities and towns, 
the aggregate demand by non-producers for food grains',has grown 
steadily. This growing demand has been met during the .good crop 
years by surplus production oh farms which could be offered for sale. 
The more recent years of-drought and reduced production, have seen 
commercial sales from the nations' farms significantly reduced, ■leaving 
governments in Asia. Africa, and Latin America little choice but to im- 


# P or t large amounts of grajn, often utilizing badly needed foreign ex¬ 
change reserves. » , _ 

It is well known by this time that local storage losses are widespread 
among subsistence farmers in .developing countries,, t Many traditional 
storage methods, however, are not wholly appropriate ortechnically ef¬ 
ficient and also require modifications or improvements to their basic 
designs or the introduction of new techniques. Consequently, many 
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able for commercial sale if improvements were made, thus providing 
subsistence farmers with additional cash income. 

Our experience has shown that the technology is now available for con¬ 
structing effective, relatively inexpensive .farm and village-level grain 
*Storage/dryer facilities using locally-available material and employing 
labour-intensive methods. Furthermore, we believe that the questiortof 
significantly reducing local grain storage losses is essentially a man¬ 
agement probJem-notatechnical one-and onewhich can be resolved 
tlarough the ‘establishment of clearly defined national policies.*What is 
urgently heeded at this time is to bring this knowledge to the approp¬ 
riate "change agents" in. the developing countries'and to assist these 
personnel in devising the most effective procedures for assuring its 

rapid and widespread application at the farm and village-level.- 

•> 

David Dichter, Ph. D. \ 

Geneva Switzerland 

September 1977 "■ ' , 



CHAPTER I: WHY STORE GRAIN 


During the past ten years, technological advances in agriculture have 
been responsible in large part tor a worldwide increase in total food 
production. But the disappointing fact remains that the popula-tion 
growth of the glob.e has canceled out most of these gains. As a result-, 
$here is actually lower per capita food production today than there was 
in 1970, and global food reserves in 1974 were approximately 25 per 
cent of what they were in 1961. ' 

It is now widely recognized that the struggle to feed the world is Inten-; 
sifymg TheJJnited Nations Food and Agriculture Organization has re¬ 
cently estimated that nearly 500 million peopfe throughout the world 
suffer from some form of malnourishment. But FAO has also estimated 
that over 200 million tons of grain are destroyed each year by insects, 
molds, rodents, birds, and other pests. This 200 million tons of grain is 
enough to feed 500 million people.for one year and essentially eliminate 
the present food gap. 

These statistics illustrate why-wnrld food shortages must be solved not 
only by increased food production, but also by reducing food losses. 
Thi's need was recognized at tKe World Food Conference, held in Rome 
in November 1974, when its official conference report‘recognized the 
fact that in many developing countries large/quantities of food are lost 
between the farm field and the consumer, and that deterioration in the 
nutritional value of food before it reaches the consumer is a serious 
problem And later in the same Resolution, the Conference "requests 
all countries to reduce to a minimum the waste of food and of agricul¬ 
ture resources '. 

As you are already aware, great efforts arejaeing made in all countries to 
improve agricultural production and to raise the level of well-being of 
rural families. Such efforts are everywhere more necessary than ever. In 
many parts of the world there is acute hunger, even to th,e point of star¬ 
vation. Many of you are aware of the vast loss of life due to lack of food 
that took place in the Sahel countries o,f-West Africa. The sam'e drought 
situation which began in 1972 had serious effects in Ethiopia and in 
parts of East Africa. The scars left from the drought are still plainly visi- 
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ble, and it wilj take a long time before the animal herds can be built-up 
3 g 3 i n. n ’ / ' / 

^Although actual starvation is a dramatic and extreme situation, malnu- 
'trition is much more common in developing countries, and especially 
among children. According to the World Health Organization, 10 million 
children in the Third World under the,age of five^are chronically'and 
severely malnourished, and some 90 million more are'^moderately af- • 
fected. These United Nations figures show that of all the^deaths in the 
poor countries, more than half occur among children under'five, and 

_ », ff 

perhaps as many as 75 per cent of the deaths are due to malnutrition 
complicated by infection - that is, the child does not die of malnuttition, 
but because malnutrition has^lready weakened him, he is mora sus¬ 
ceptible to disease. Malnutrition must thus be overcome, because an 
inadequate diet makes all people, but especially children, less able to 
combat diseases. Children who are malnourished have less energy and • 
do less well in school, too. Men and Women who are malnourished are 
les&productive, more easily tired and less able to do a real day's work. A 
wife who is pregnant must eat well if the new child is to be healthy. For 
all these reasons, the farm family is interested in having more and better 
food. ' 

From the point of view r of the nation as a whole, food is as vital to the life 
of the country as it is to the life of aman. 

Self-reliance is increasingly recognized as afundamental goal of all de¬ 
veloping nations and as the precondition for proper-development. As 
long as a nation is dependent upon other nations for its very livelihood, 
it-leaves them in a weakened position. Many countries fear that food - 
because it can be sold or held back *- depending on another nation's - 
policies - puts them at a serious disadvantage' Furthermore, when a — 
country is not self sufficient in its basic food needs, then money- often 
involving hard currencies - has t'o be spent to import food. This money 
i has to be earned by exporting goods, and the world's terms of trade are / 
usually unfavorable to the exports of poor countries. It is far better fora 
developing country to be self-sufficient in its food needs and to use its 

i 

, money to import goods and machines so as to v be able to increase pro-v 
duction in a variety of'sectors. ■ j 
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Thus, s.elf-suffieiency in food is the policy of most Asian, African, and 
Latin American states, but real efforts will have to be made-to bring the 
policy to reality. 

- . ... ' > 

From a national point of view, increased food production and better 

storage of food is important so that life may be made more rewarding for 
rural people. If such improvements can be made,'it is- likely that it will’ 
help slow down the flow of young people to the cities, where there is of¬ 
ten no productive work for t-hem. 

For a more rewarding life in the rural areas, farm families must get-the 
most from their efforts. They must be helped to produce-more,'but also 
to lose less. It is to help overcome the great losses that occur between 
the time grain is harvested and consumed that this Manual h'as been 
produced. , 

Considerably more attention is now being giverjl to'the problem of re¬ 
ducing post-harvest grain storage losses at the-farm and villaga-Jevel. 
Of course, a great amount of work has been done to improwstorage 
facilities in countries that export much of their grain, and in the same 
way. a goo§ deal of agricultural experimentation and extension workjn 
a' number of Third World countries has gone into work on "expo.rt 
crops 

Now however, the need to improve methods at the farm and village- 
level isbeing recognized. Effective improved storage at the farm and vitc. 
lage-level is of crucial importance, for it is on the farm or in the.village 
that the great bulk of grain is stored, both for use of the farm family, and 
until it can be sold at the market. 

It is also at the farm and village-level that great losses occur, losses due 
to molds and other forms of bacteriological deterioration, to insects 
and rats. Mold spores are similar to seeds, for rrfolds are really a large 
number of very, very Small plants. With moisture, these mold spores 
start to grow, as is the case with any plant,- and they need food to^keep 
on growing. Thus the molds enter into the kernels of the grain and use 
up the nutritive value of the kernel. It is abthe farrfi and village-level, 
therefore, that the first determined efforts must be made to improve 
grain storage techniques forthe be.nefit of farm families and forthe na¬ 
tion as a whole. I 
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By concentrating at the farm and village-level, we do not mean to over¬ 
look problems at central collection points of larger-scale storage 
facilities. It is simply that the managers of larger storage facilities can 
get help from storage specialists more easily than can the local farmer. 
Tbe drying and preservation of food at the farm and village-level is im¬ 
portant. Food preservation and storage will enable one region to supply 
food to others, and such preservation may serve as the base for local in¬ 
dustries. Thus, proper preservation of food is not limited to the storage 
of grain. The proper drying offish, of meat, of vegetables and of fruit can 
all be part of a program for better nutrition and for sale on the local mar¬ 
ket.' 

This workbook, however, is designed to help improve the storage of 
grain at the farm and village-level, for grain is of great importance both 
irv-kacal diets and as a cash crop. * 

Most people throughout the world depend on food grains to live. Maize, 
millets and sorghums, and rice are the basic foods for most peoplein 
the world In some areas, root crops such as yams and manioc also play 
a J§§^ e P ar *' there seems to be a trend for food grains to increase in 
importance as grain is easier to transport. Thus grains play an important 
role in feeding the increasingly large populations in cities. The need to 
feed people living in the urban centers means that farmers can sell their 
crops for cash to buy goods necessary for their welfare. 

Grains have other uses also. In some parts of the world, grain is fed to 
livestock such as cattle, pigs and chickens. Although relatively little 
grain is used in developing countries for livestock production, it is likely 
that more may be used inthefutureas techniques of animal production 
are modified. A 'S 


Thus, more grain r js needed both for the individual farm family and for 
the nation as a whole. The quality of the grain must also be improved. 
There are many efforts being made to increase*'production — better 
seeds, new tools, the use of compost (green manuring) orchemical fer¬ 
tilizers. But some of these techniques are often costly oprequire people 
to ^arm in very different ways. Farmers are often refu-ctant to change 
their ways of doing things^and so it might be more useful to try, if possi¬ 
ble, to improve what is already being done locally. 
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This is why improvements in storage methods are a real possibility. We 
Know that farmers already store a large part of their grain. The aim of 
thisMdnual is to help the farmerto impi'Sve what hie is already doing and 
to have him understand better some of the results he is getting. We will- 
look briefly at the three major reasons farmers already store-grain: 

■d. 

- More food for the family. 

- More stable prices. 

Better seeds for better trops. ■ ’ .. 

’ . . . " ” 

' : . , - i 

• . p . . • 

C. 1 -J 

A • «.' 

More Food for the Family 

. o 

y ~ s' 

Food for the family has always been the concern of every farmer. It is his 
first thought w^hen he is planting or hunting or fishing. When there is a 
food shortage, the farmer sees it reflected directly in the faces of his 
wife and children. 

Whenever possible, the farmer likes to vary his meals and to have extra 
food in order to be able to invite family and friends to eat with him. There 
are special feast days throughout the year when -many people are in¬ 
vited to eat. . . 

Tpday we also know from scientific studies that there is a close link bet¬ 
ween health and proper nutrition. We have already'mentioned some of 

the profound and sad consequences of malnutrition. Malnutrition can 

„ ‘ ‘ ¥ 

be of two sorts: chronic and seasonal. Chronic malnutrition is the case 
when a person never gets enough to eaf or when his diet is permanently 
unbalanced through a poor choice of food. Seasonal malnutrition is the 
type experienced in the Sahel for some five to seven years, l„t usually oc¬ 
curs when food from one harvest has been largely Cised up and the new 
harvest has not yet come in. • 

If larger and improved storage facilities can be built and losses cut 

down,’then Tfl^Fe is real hope of eliminating seasonal, hunger a,nd mal- 

- • *> 

nutrition. • 

» . * *, 

.The farm family should be the first to benefit from more food forthe fam- 
ily. ' . ■ 

‘s i 

, /.<■/« 
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More Stable Prices 


More and more farmers in the Third World are selling their surplus grain 
on the local market. There are very few farmers left totally outside a 
money economy. Ca^h is needed for household and farm improve¬ 
ments, for taxes onsc'hool fees, apti for an increasing number of thi-ngs 
that cannot be had without buying them with money. r . 

Those of you who read about the Nairobi meetings of the United Nations 
Conference on Trade and Development, held in May 1976, will re¬ 
member that the group of developing countries has been working hard 
to try to stabilize the prices of their agricultural export-commodities. In 
the past, the price paid for coffee or tea or jute on the world market 
changed from year to'year, sometimes going up, more often going 
down. It is very difficult for a nation to plan its investments-the building 
of industry, of schools, etc. — if’it does not know how much money will 
be coming in during the^ear. 

What is true for the nation is also true for the individual farmer. It is dif¬ 
ficult for a farm family or for a rural cooperative to plan if prices change 
too much. ' • 

In many countries of the region, market prices follow what has been cal¬ 
led a "law" of supply and demand. Basically, this means that the more of 
the same product there is on the market at the same time, the lower the 
price will be. If there is a great'deal of fruit on the market, the price will 
be lower than if there were only a little bit. So it is with the cereal grain 
market. At harvest time, when all the farmers have just brought in the 
grain and there is too much \o store, the price paid the farmer will be at 
the lowest point of the year. In some countries, the farmer has no 
choice. Either he must sell ihis grain at the low price, or it will go to 
waste, for he cannot eat it all at one time; he cannot store it properly; 
and he cannot trade it with /his neighbors, most ofwhom have grain al¬ 
so. In such cases, before the next harvest, when his cash funds are likely 
to be exhausted and the family's personal grain stocks are hardly suffi¬ 
cient to maintain life on a subsistence basis, the farmer is forced to bor¬ 
row money in order to sustain himself and his family. As a result, there v . 
^are many farmers in developing countries who become trapped-in a 
peTp^tual debt cycle. ■ ,,, > 




One of the benefits of tpe cooperative system which is spreading 
throughout the Third World is that if farmers can store and sell in com¬ 
mon, it is easier to control the supply and thus the price. Moreover-, if a 
farmer does not have enough grain for his own family needs, he can buy 
from the cooperative at a fairer price than if he had to buy it from the 
merchant. 

Today many governments are trying to make grain prices more stable by 
fixing a basic price throughout the year. However, for tjje government 
such efforts are difficult because the government cannot store all the 
grain itself. In the longer run, proper storage at the farm and village- 
level will help stabilize year-round prices. 

Thus it is very important from the standpoint of both the farm family and 
the state that grain be properly stored, to be available when and where 
needed, at a price that is just, so that the farmer will be rewarded for hiS 
work, yet low enough'so that the workers in the cities will also be able to 
feed their families properly. 

Thus, you must know some things about'the economic situation in the 
local area where you are working, such as the average prices for grpin at 
harvest time and the yearly high, as well as the government’s policy with 
regard to grain prices. You must know something of the habits of the 
farmer, so that you can point out the economic advantages of proper 
grain storage. 

Bacause social and economic conditions can influence the acceptance 
or rejection of new techniques, the replies to the sdcial and economic 
i questionnaire will tielp you to detefmine the economic problems of the 
local farmer. But it is likely that more stable prices are in the interest 
both of the local farmer and of the nation as a whole. 

Better Seeds for Better Crops 

Generally farmers do not buy new seeds to plant, but use seeds stored 
from the past harvest. This, of course, is natural and good, especially if 
the seeds selected are the bestfrom the past harvest and have been well 
stored so that the largest number of them will take root. 

As we shall see later, the grain must be kept alive during storage. 
.Otherwise it will not take root. 
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It has been estimated that in Africa about 3 per cent of the average maize 
harvest should be set aside for seed grain for the next planting. The ears 
of maize should be well chosen, as large and even as possible, for the 
quality of-ihe grain will determine the quality of the plant. 

Grain for seed should be stored separately from grain that is to be used 
for family food or for later sale. The farmer should never use grain that is 
merely left over from the family food supply. 

Since the quantities needed for seed are much smaller than those 
needed for food or f.or sale, grain for seed can be stored in different 
ways than grain to be used for family food or for sgle/Grain for seed can 
be placed in plastic bags or closed mud jars-botfnnethods that would 
be too expensive or take up too much space if a great deal of grain had 
to be stored in this way. 


Conclusion 

$ 

We have seen that from the point of view of the local farm family, there 
are three basic needs that can be met through-improved techniques of 
storage eft the farmland village-level: more food for the family, stable 
prices for the sale of grain, and better seeds for better crops. 

We have also seen that from the standpoint of the government and the 
national interest, there are three additional reasons for a program'of 
improved storage of grain at the farm and village-level: 

Improved health and higher productivity due to improved nutrition and 
the reduction of seasonal malnutrition: 

Self-sufficiency by making more locally-grown food available at the 
farm and village-level, and better year-round supplies for urban cen¬ 
ters: 

Self-reliance through an increased'availability of locally-grown food. 
The increased supply of good locally-stored grain will help reduce the 
importation of food, thus saving badly needed foreign exchange other¬ 
wise required for industrial development. 


Workbook Exercises 


1 . What are some of the basic consequences of malnutrition? 


Notes: 


2. What are some of the signs of malnutrition? 


Notes: 















»'4- From the point of view of the farm family, proper and effective stor- 
age of grain at the farm and village-level ist important for the follow¬ 
ing reasons: 





Notes 
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5. What are the consequences to the farmer of the loss of stored 
grains? 

_ r > 

. 

l 


Notes: 


6 . What are some of the ways that grain ist lost or destroyed during 
storage? 


> 


Notes: 
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7. Why do farmers today not store larger amounts than they do at the, 
farm and/village-level? (Give examples that you know.) 





Notes: 




8. From the point of view of the over-all well-being of the country, 
what are some of the reasons for-the importance of improved grain 
storage at the farm and village-level? 



Notes: 
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9.. What government regulations and practices exist in your area for 
the sale of-cereal grains? 


Jfe . 

» % 

~~ 7 T ; > 

Concerning prices?..__. ; _ *. 




V 

i 
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10. Why should grain for planting the new crop be specially selected 

and separately stored? 

» 


Notes: 
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CHAPTER II: THE GRAIN YOU STORE 


If it were necessary to name any one category of food as the most impor¬ 
tant in the world, the answer would go tocereals. Cereals come closer 
than any others to being complete foods. 

Actually, no entirely complete food - meaning one which can sustain 
adult health with no complement from other sources - exists, but cere=* 
als lack little (chiefly vitamin A and calcium). Despite these few-missing 
elements, cereals constitute todayUbe indispensable basic food for all 
the people of the world, providing the energy for physical and mental ef¬ 
fort with a minimum intake in volume- 100 grams of grain will generate 
350 calories. Thus, cereals have been called the "staff of life”. 
Cereals are defined as those members of the grass family cultivated 
primarily for their edible seeds - chiefly wheat, maize, sorghum, rice, 
millet and oats.,All these cereal grains belong to the same family, and al¬ 
though they may look rather different, they are quite similar in nature. 
On a world-wide basis, wheat is the most widely grown cereal-some 31 
per cent of ajl cereals grown; then maize, some 23 per cent; and then 
rice. These are the "big three" on a wo rid. basis, followed by barley, oats 
and rye. then millet and sorghum. 

Rice, maize, and other food and feed (cereal) grains are actually seeds 
being grown by the plant for the purpose of reproduction. Consequent¬ 
ly. each seed is a living organism that breathes, requires nourishment, 
grows and dies. As you might expect an optimum enviornrnent is there¬ 


fore required for the living organism to remain alive and in good condi¬ 
tion. The seed embryo is particularly sensitive to moisture and the sur¬ 


rounding temperature and humidity. 

Under the circumstances‘the original high quality of harvested cereal 
grains must be preserved over a period of months in order to be 
economically marketable and also consumable as a human food. 
Primarily the seeds must be reduced in moisture content to a range of 
12to 13 percent wet basis. Storage conditions mustthen be provided to 
maintain the grain seeds at the low moisture content in order to keep 
them viable but inactive. 


rctfn his 


In order for the farmer to get the greatest benefit frdjm his production of 
grain, the grains must be well stored so as to keep theTr nutritive value 
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until used. UtTforfunately, storage conditions usually result in the de¬ 
terioration of the grain. This deterioration should be minimized by using 
proper storage management, techniques and facilities. The deteriora¬ 
tion which occurs results in two major categories of change: quantity 
and quality. 

The most easily seen changes are the loss of quantity. Insects and ro¬ 
dents, for example, can consume large quantities of cereal grains. The 
farmer can see the maize cobs eaten by the rats or the holes in grain 
made by insects. 

Loss due,to a deterioration in the quality of the grain is less easily seen. 
That is why it is necessary for the farmer to know sd^ie basic facts about 
the physical structure of the grain that he is storing. 

The'farmer, of course, already knows a great deal about cerealsfrom.his 
long experience, but usually his knowledge is of a vqry practical nature 
and nctf always systemat^;. The local farmer is probably not going to be¬ 
come a scientist doing research on grains, but he should be aware of 
the following points which are essential for understanding the reasons 
behind the.improved storage methods. 

It yyil.l be you r task to present him with basic information about the na¬ 
ture of grains when necessary for understanding the improved storage 
V techniques and facilities, in order to be better able to take care of the 
grain that has been stored after harvesting, it is useful to have the fol¬ 
lowing knowledge of the physical structure of cereal grains: 

First, it is' important to know that all grain kernels are really living or¬ 
ganisms. If you'wish to use them for planting the next season, the grains 
must be kept alive through proper storage practices. 

Secondly, Jiving seeds resist deterioration better than dead seeds. 
Thus, seeds kept alive are better for food use also. 

Each kernel of grain is actually a fruit of the grass plant and consists 
basically of three parts: 

- First, a protective coating: the seed coat. 

- Second, the endosperm, 
ryo - the germ of new life. 

mating protects the s?fed from tnoisture, from some 
nsects. I n many of the older varieties of cereal grains 
maize, this outer coat was thick and afforded a good 


- imra, tne emp 
The protective ci 
^molds and some i 
t and especially iri 



deal of protection (see Figure 1). There is very little food content in the 
coat, however,-and so improved varieties of maize have thinner coats, 
with more room for tfie nutritional content. But a farmer must be more 
careful in using imptpved varieties ofjnaize because the coat breaks 
open fairly easily. It is very important that the protective coating not be 
broken open. This can happen during harvesting or thrashing. It is one 
reason why you should take a loo'k at harvesting practices, too. For the 
way grain is harvested and thrashed will influence the quality of the 
* grain to be stored. 

You should store only unbroken, whole grain. If you have too many 
broken kernels, insects and molds will surely inv&de your grain. 

Even with good, whole grain, there is a small "tip cap” by which the ker¬ 
nel is attached to the growing plant, and through this very small hold, 
mold and moisture can reach the heart of the seed. 

The endospefm - the second part - consists primarily of carbohydrates 
(starches) and protein. It forms the greatest part of the seed — about 80 
per cent in most grains. This is the “food storage area’’ of the seed itself 
and will provide food for the seed when the seed starts to grow. Thus the 
endosperm is also largely what we eat when we eat grain (see Figure.- 2). 

; , j ' ’ x ' 

The third section, the embryo, is the germ of life, that part of;the seed 
which will produce the new crop when planted. One part of the embryo 
will grow above ground and be the shoot of the new crop;- the other part 

Y 

of the embryo will grow undergrounckand be the roots. 

The embryo is a highly nutritious part of the seed, containing pfoteins, 

Nfats and vitamins. It is also the part of the seed which is most readily de- 
-' - . 
stroyed by molds. When the embryo is h^jrt, it will not grow, and oncb 

dead, is even more likely to be attached bymolds. A seed can grow into a 

^ new plant just like the one it came from. Although there are sometimes 

accidents vy^pn a good seed grows into a real plant, it is essentially true 

that it is bestto use the best seeds for planting the new crop. You should 

~ be careful not to overheat seeds that you will use for planting, especially 

if you use fire to dry the seeds, for overly great heat will kill the embryo. 

Since the farmer should select-only the best seeds to plant, it is a good 

idea to store grainslo be used as seed separately from the rest, lest they 

be confused with the grain to be eaten or sold. " ,a . ‘ 
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Properly stored grain will keepitstimritive qffci®1|ties for the period of 


lormal storage -‘most often up to a year at tjrfje ferm and village-level 


Thus, healthy grain can be kept im$$orage loader than grain which is 
broken or damaged. Careful handjpg of the^rain protects it from dan- 

Because grain is a living thing, it 'breathe^like all other living things'. 
Each kernel gets a little bit of oxygen from tine air and burns off a bit of 
fbod from its storehouse - the endosperm. This process gives off heat, 
and carbon dioxide. This prop)Ep%h grain is called respiration. 


Respiration is slower when gratis cool and„dry. Then there is only 
enough respiration to keep the embryo alive, and growth (germination) 
does not take place. 

However, if the stored grain has too much moisture in it, the grain be¬ 
gins to breathe faster. When seed grain is planted and the farmer wants 
it to grow, it does germinate because respiration has been speeded up 
by water in the ground and the warmth of the soil. 

Grain produces heat during respiration. If the grain is cool and dry, very 
little heat is produced. If respiration speeds up, however, more heat is 
produced, and you can get ‘‘hot spots” in the stored grain. 

One of the reasons you should check stored grain, perhaps every two 
weeks to a month is to see if the grain is getting too hot. “Hot spots” are 
a sign that the grain has too high of a humidify content and must be 
dried some more. ’ , 


Thus temperature also plays an important role in the proper care and 
storage of grain, but it is difficult to’control or change the temperature. 
There are two kinds of temperature which interest us in the proper stor¬ 
age of grain: temperature in therair outside the storage container; and 
temperature of the grain within the storage container. 

The basic principle here is that the lowerthe temperature, the easier it is 
to store grain, ftds 'easier to store grain in the cooler, higher plateau 
areas than in the hot, humid plains. 

At the farrp and village^vel, care should be taken to provide some in¬ 
sulation to pr^ent the stored from getting too hot. i 



Workbook Exercise Questions 


1. Why-are cereal grains so important in the diet? 

ft. 




Notes: 

" V f 


V 

2. Of what botanical family are all cereal grains? 


3. What are the cereals most comrhonly grown in the area in which 
you work? • * 



Notes: 



4. Why should efforts be'*made to keep cereal grains alive? 




•Notes: 


5. What are the consequences of overheating cereal grains? 


& k 
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Notes: 
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6. Why should only clean, unbroken grain be stored? 




T 


Note?:’ 


7 . 


What are the names and us|f : of the th-ree sections of an individual- 
seed? 

a.........i..._._... 




* 
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Notes: 
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8. What is respiration? 


& 


0 


^ Notes: 



9. Is respiration faster or slower when grain is moist? 


Notes: 


10. Is respiration faster or slower when grain is hot? 
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CHAPTER III: DRY GRAIN = SAFE STORAGE 

, « 

One of the first considerations in connection with the drying of grain for 
safe storage is to be familiar with the crops, the climatic conditions un¬ 
der which.they are grown and harvested, and the climatic conditions 
under which they are. being stored: - *■ * • ' 

This-involves determining what particular cereal grains are being pro¬ 
duced (maize, sorghum, millet, rice, etc.), andin what quantities they 
are being produced. Practical s’Olutiohs to grain-storage problems vary 
.considerably from country to country and even from area to area within 
a single country. Farm and village-level storage problems are made a 
good deal more complex by local economic, social and geographic- 
considerations. The Questionnaire will help you recognize a number'of 
social and economic factors?but remember, this is often a long and cfe- 
licate task. Also.the economic possibilities available to one “farmer 
might be impossible to match in the case’-ofa less well-off neighbor. In t 
some viHages, farmers fear to build storage facilities outside their habi¬ 
tations because of theft, but they may be reluctant to discuss this fact at 
the start of your inquiry. 

Geographic information is very important and is easierrto gather be¬ 
cause it is more neutral information. You might perhaps make Inquiries 
from theJocal meterological official or government department directly _ 
concerned with collecting geographicakdata. 

The firsfstep is to gather information on monthly rainfall-which are the 
wet months, which the dry months? When can you expect the heaviest 
rains? In what month is each type of crop planted? What is its growing 
season?*tn-which month is i^harvested? Conditions of harvest play an 
important role in determining whether the grain will need to be dried be- • 
fore sale storage is possible. If grains are harvested during warm, humid 
or wet weather, it willjbe necessary to dry the grain in some manner be¬ 
fore it can be stored safely. Rain and high humidity during the harvest 
season will not allowygrains to dry naturally to a safe storage moisture 
content. v ^-' 

On© needs to be aware of the climatic conditions under which the cereal 
.grains are to be stored, also. As will be ppinted o^t later, the conditions 
of temperature and humidity under vyhich a grain is to be stored can and 



will affect.,the storability of thergraibv Not oial^wtObrhpe^ai'iire apd, 
hgmidit^a'ffect the condition of the grain,>butj?riey can also be a Conoid-*« 
eration In the type of’storage facility and materials from wMch the* 
facilities are constructed. Fgn instance,'’ if there,, are wide ;j day-night 
tern pe raturaflu ctuatidns, one would attempt to m rb i m ize these fluctua¬ 
tions within the storage facility by “shading”, “insuMfibn”, qr some - 

* i I . ,i " »l), * ’ ^ J| 

other method. If humidities are highf attempts’at reducing exchange bf 
the,atmosphere withima grain ’mass \ftith/tlciat of the outside might Jpe’at-? 
tempted'through neaair-tight storage or other rp^tHods. • T * 

‘ B » " * t *]'& J ' 7 . 71 h f f * J ’ - u ■ 

Elevation (qr ajtitude)' , can' s orovde more favorable storage conditions 
through lower temperaturesj/vhich are generally encountered at higher 
eJevatio'ns. As a general rulq^one can expect approximately 2 degrees F 
reduction in terhperaturp'Tcfqevery 1,000 ft. of altitude (about 1'?C for”' 

/ * •! •" i " . j i- ^ ■■■ ? • 

each 300 meters). CqoJ Temperatures can be ari important faster in the 4 

storage of grain’s.*' 1 * '**•’ $ .”<? . ( ^ •’ ,',.v 

You should also gather information on the prevailing wi’ndq, which can 

play a role in the techniques'of drying, especially where crib s'tqrage is 

concerned. . t J -• ' ,. v '' .f- ' ' -f: *\ ? 

.. . v i ■ ,- h , ; • .. . 

Information on ’the slope, of theland and;the directions'in whichq^in 

runs oft is also important, in older’not tb build-storage facilities in an 
ateh that retains moisture. c' ''' ; ■ \ * 

This type of information is vitaljn working out the rt\Ost appropriate 
measures fqr dryifig the grain, the desired’capacity ofjthe storage 
'facilities,-and whether storage-of grain* unthreshed dr threshed may be 

more desirable.. 'd~H.-d ?", • \ • *• i) ’ 

a- •* •. . .- • ,,, « .* ■> • 


Moisture 



Moisture is the most important factor bringing about harmful changes 
during storage. In many wa^s, molsturefs the mostdhngerous enemy, 
because - unlike rats or birds - you cannot see moisture. ” 

Moisture is water of wetness. Blit moisture is a better word to use when . 


talking about grain storage: Whendarmersuse the word “water”, they 
are likely to thinll of lakes, rivers, wejls: They think of water a§ liquid 
which is easy to see and to measure. ■ ’ . ’ 

A farmer is not as familiar with the word “moisture”. Moisture is a good 
word because it can describe something which is vyet or con'tains yvaten . 
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wjtno-utjookingj/vtel. Forexample, the earth can have moisture and not 

^ rP ^ 

look wet. A plant does not look wet, but when’you crush it, you will feel r ‘ 
moisture (wetness). ^ 

E.ach kernel of grainhas'moisture inside. B,ut the^grain kernel does not 
look wet when you look at it. The farmer can tell if it Lg wet by cracking it 
between his teeth. Wet grain is not hard becaiJse the water inside is wet¬ 
ting the seecfand keeping it soft. When the moisture leaves the grain 
during drying, the grain becomes harder. The dryer the grain, the harder 
it becomes. - • . V 4 *. ■ ' s 1 ^ 

Grains hold different amounts of water-at different times: the amour$ of > 
moisture in harvested grain depends mostly on the time of the harvest. 
For example, grain harvested in the rainy season will have more moisr 
ture than grain harvested in dry, sunny weather. 

Moisture in the Air ' 

Air contains moisture also. Of course, the farmed cannot see this kind of : Vs 
wetness when he looks-at thd’air, because the moisture in the air is’ in 
the form of vapor. • ,■ r ” ", 

a „ , j 

just as grains hold different amounts of water, air holds different 
amounts of wafer. Warm air can hold more moisture than coof air. 

On a very hofday, the,re can be a lot of moisture in the air. When evening 
comes and the temperature goes down; the air, now cooler, cannot hoick 
all the moisture it held when it was warmer. So the extra mojsture falls 
out of the air and lands on the earth. This moisture from the Sir is the * 
dew seen in the cool early morning. , , ! 

< t - ... J 

As the sun rises higher during the day,,the air temperature goes up. life ‘ 
air, how warmer, can. hold more moisture. SO the dew on the land is 
taken up by the air.^' 

Relative Humidity ‘ . ’ 

Most farmers will not be familiar with the words "relative humidity”? ftor 
do they really have to be. It is not important to, most farmers to under- 
stand that relative humidity is a percentage measurement of the amount 
of moisture actually in tlfe air as compared to the maximum amount of 
moisture that air at. that temperature could hold. Nor do most farmers 
need to understand that if the moisture content in the air remains the 
same and the airtemperature goes up, therelative hirniidit^goes down. -■ 
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Relative humidity is a meaningful phrase only to those who can mea¬ 
sure it and ' apply.the knowledge to. drying times. ' 

Most farmers do not have instruments with which to measure relative 
humidity. But they have good information if they understand two facts 
about air and moisture: 

1. Warm air can hold more moisture than cold air can. 

* A 

2. Air at any temperature does not always hold as much moisture as it' 
possibfy can. The amount it actually holds changes. When air holds 
as much water as it possibly can (100 per cent relative humidity), rain 
is likely. (See Table 1 for relationship between temperature and rela¬ 
tive humidity as it affects-different crops.) 

How Air, Moisture and Grain Interact 

Scientists say that grain is hygroscopic because it loses or, gains 
moisture from the aira,round it. Thus, since all things containing mois¬ 
ture, have pressure, grain and air have pressure. Grain dries in the sun 
because moisture vapor isf'fngving from higher pressure in the wet grain 
to lower pressure in the air, until the grain and the ai,r reach equilibrium ? 
vapor pressure. ■ . ’ 

The more moisture there is.dhe harder the moisture can push. If there is 
^ comparatively more moisture in the grain than there is in the afr around, 
the grain, the moisture in the grain will push out into the air. 

1 The key to the drying process, then, is placing grain in. the sun or in a ^ 
’drying machine so, that the kernels of grain can be touched by warm 
-moving airwhic,h has less moistDre in- it than the grain has. The heat in 
the moving, air will tnake the_ moisture in the grain evaporate. The 
moisture will become water vapor and be absorbed and carried away by 
the moving air. 

■ Ibis useful for,a farmer to know that drying continues only as long as the 
air around the grain is able to absorb more moisture ffom tPte'-grain. If - 
the air contains a lot of moisture, the grain is likely to take in that mois¬ 
ture from the air. The farmer should understand this fact because it ex- 
plains the need tofceep dry grain away from moisture as much as possi¬ 
ble. Grain that is not sealed in a closed container will continue tp ex¬ 
change moisture with the air. During the rainy season, for example; 
grain will take on moisture if,left \q an open container.ln the hot, dry 
’season, grain will lost the moisture again. 
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Safe Moisture Levels in Grain « • \( 

, -v. 

Grain put into storage should not have morgLthan a certain amo'unt of 
moisture inside'its kernels. Although the amount of moisture grain dan 
hold in storage safely can change, depending upon storage conditions, 
some general moisture-safety percentages have been established (see 
Tables 2 and 3). • ' 

The chart which follows shows that maize can be' stored safely at 13.5 
per cent moisture (that is, 13.5 per cent of the total weight of thekernel 
can be moisture), in air which is 25-30°C and has 70 per cent relative 
humidity (that is, the air at this temperature can hold 30 per cent more 
wate^Than it is holding). At this point, the kernel of maize and the air are 
not going to exchange moisture back and forth. This is an equilibrium 
point. This equilibrium is the condition good grain storage tries to set 
up. but it is very hard to keep grain stored at conditions which'keep e- 

quilibrium. MAXIMUM MOISTURE CONTENT TOR ONE 

^ YEAR (QR LESS) STORAGE AT 70 PER CENT 

GRAIN TYPE RELATIVE HUMIDITY^AND 27°C (Table 2) 


GRAIN TYPE 

Wheat , 
Maize 
Paddy Rice 
Milled Rice 
Sorghum 
Millet 


13.5% 

13.5% 


13.0% 

13,5% 

16.0*% 


The table below shows grain moisture contents normally recom-- 
mended for safe storage of grain. The portion of grain with the highest 
moisture content in the lot should be used as an index as to whether or 
not the grain is safe for storage. 


Required for safe storage 
for 1 Yr. ' for 5 Yrs. 



■ * % (w b.) 

% (w.b.) 

Barley 

13 

11 

* Oorn 

13 

10-11 

Oats 

\ J4 ; 

11 

Rice 

’ 12-14 

10-12 

Rye 

,13 

• *11 

‘Sorghum.* 
Wheat » f 

12-13 

10-11 

13-14 

11-12 


(Table 3) 
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'The-table below shows a relationship between corn moistures, tempe¬ 
ratures and allowable storage time. Safe storage periods increase mar¬ 
kedly as grain tempecatures are lowered and moisture contents are de- 

’ a . 

creased. 

# 1 (Table 4) 


Storage 

Temperature 

°F 



,t , (Safe Storage Period In Days) 


75 

116 

12 

4. 

2 

70 

155 

* 16 

*5 

3 

65 

207 

21 

7 

4 

60 

■ 259 

27 

9 

- 5 

5.5 

337 

35 

12 

7 

50 

466 

- 48 

17 

10 

45 

7*26 

75 

27 

16 

40 

906 

94 

34 

20 

35 * 

1,140 : 

11.8 _ 

” 0 42 'c 

25 


Remember, the figures above are maximum recommended moisture 

n * 

levels .-Generally, farmers should-dry their grain as thoroughly as po-ssi- 
ble. • ■ 

It is not easy to know the percentage of moisture without having some 
testing instruments - i.nstrumente»which are not often available in rural 
areas. - . 

Farmers have always had their own methods for assessing the amount 
of moisture in grain. These methods include pressing the grtein.with the 
thumbnail; crushing grains between the fingers orthet.eeth; rattling the 
grain in a tin can; orgetting a feel-of the grain by smelling ahandful and 
> shaking it But sucfi techniques depend on the experience-and the skill 
. of the farmer who uses them. In many cases, such techniques can be a 
good guide, but in other- cases, if a farmer is inexperienced or not feel-' 
ing well, his senses may betray him. . “ . . : 

Commercial moisture'meters have been developed that should be 
available to regional agrieultOral extension workers (theyare too ex-' 
pensive for the individual local farmer). The types of commercial meters 
available will depend-on the persons responsible for the purchase of 
material for the Ministry of Agriculture. There are two main types'of 
meters in common field service!*# hair hygrometer probe,' and an 
electric moisture meter. „ ■ v - ... - 
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More important than the type of meter is getting the agricultural exten¬ 
sion worker to use it on as many farms as possible in a short time, for 
most farmers will be harvesting, drying and storing grain at the same 

time. « 

Movement of Moisture in Stored Grain 

Grain which is dry and cool will keep for a long time if it is stored cor¬ 
rectly (see Tables 2 and 3). However, there are a number of bad things 
which can happen to grain w,hiie it is in storage. And moisture is a key 
part of most of the processes of deterioration that .can occur in stored 
grain. 

To discuss the role of moisture in the storage container,.it is necessary 
to know something about:, , 

- grain condition - • „ - 

**v * 

- temperature - 

v '' * 

- insects., molds, andygrain heating. , 

w ’ 

feGrain Condition 

* . > . . » . 

"The farmer must store only clean, healthy grain which has beeh dried tq.,, 

safe storage levels. Broken grain? and pieces of straw or,dirt increase 

the chances of storage trouble. And, if the stofage^container does not 

keep out moisture of insects, even healthy, clean 4 dry gram can de-" 

teriorate. Trouble is less likely to happen if the grain,starts in good con- 

dition. „ ’’ a. , r'V 

Temperature * ; 

There are two,, kinds of temperature: temperature in the air outside-.the 

* ’ “ . i; 

storage container, and temperature of the grain insib^'the storage cop-' 

■ t . gsl ' ■■ \ ■' ^ 

* fainer. * ’■ , % - • v ‘ V * . 

' ■* . t 

There are some things to remember about temperature: , 

—.’Low temperature is better than high temperature i.or'grain storage. 
Insects and molds do not grow as well at,,low temperatures. 

Grain bre'athes.very slowly at low temperatures. 

- At low temperatures, little heat builds up inside the grain from th&,lift¬ 
ing and breathing of insects apd molds - andrthe grain, 

- Rising temperatures.outside the containers can increase thfe_tempe- 

rature inside the container. - particularly if the container is mot 
shgded, t , 
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- Rising temperatures can lead'to insect and mold growth. Even in 
grain that looks clean, insects are almost always there to some de¬ 
gree; mold spores are present everywhere. As the temperature of the 
gram goes up, these insects and molds will start to grow. 

- A’sthve temperature goes up, molds and insects grow,faster. The grain 
respires more quickly. If the grain contains much moisture, this pro¬ 
cess goes even faster. 

- Hot spots can form in areas of the grain where the most mold and in¬ 
sect activity is occurring. These hot spots spread and cause great 
damage and loss of the stored grain. 

Therefore, grain placed into storage should be as dry and cool as possi¬ 
ble (see Table 3). Even then, there can be a moisture problem during 
storage. r 'TL 

This problem often is the result of a difference in temperature bet\A®en 
the inside and outside of the storage container. When c4ol airandwarm 
air mix in the stored grain, the warm air cools and may be forced to lose 
moisture. This lost moisture becomes water Which can be seen at the 
top and bottom of the storage container. 

These changes caused by temperature can be seasonal, orthey may be 
daily. This depends upon where the farmer lives. Obviously, it is best to 
keep.‘stored grain at,a relatively constant temperature. 

Insects, Molds, and Grain Heating 

Remember the dew and how it forms because cold air and warm, air 
cannot hold the same amount of moisture? This same thing is what 
happens in stored grain when cold air and warm air meetgach other be¬ 
cause of changing temperatures. The farmer who understands dew will 
be able to understand how his grain got caked and moldy even.if it was 
d/y when Ke put it inside the storage tin or container.- 6 
The pools of water formed by the moisture forced out of the air make the 
stored grain wet.'This wet grain begins to respire - at,a.-,,faster and faster 
rate-. If there are insect larvae and mold spores present, they begin to 
grow and reproduce. Soon the insects-;-molds, a 4 nd grain all are giving 
off heat. This produces hot spots. When thetemperature gets too high, 
insects will leave the heated spot and go out into the grain mass to find 
better living conditions. Other trouble spots-can then develop. 
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Molds also make the grains bad-tasting, as well as less nutritious, so 

that you do not like to eat moldy grain. In fact, some m’oljds create a sort 

* 

of poison which can make you very ill. 
v You will have to be on the look-out for the growth of molds all during the 
period the,grain is stored. * * 

Thus, proper drying of grain is vital to safe storage of cereals. 


1. In order tp'detQrmine proper dryingand storage facilities, wha|sort 
of basic'information is needed? : : * 

o . * \ » 
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..are climatic conside/^tions so important, especially at harvest! 



Notes: 











'3 :*Why rsjj. better to stare grain in a,4go! place?' ■ 


Notes: 


■? 


i ' 


4. ’; i How.‘a6es moisture get into t£ie grai,n 9 ?-' 

■ " ” ‘ " «*. - » :>•** “*! ■ 
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7. Why are molds harmful? 


* 



Notes: 


J 
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8. What are "hot spots” and why are they danger signs? 


3 



53 









,9. What are the ways a farmer tests for moisture in your area? 





Notes 



10. What types of moisture-testing equipment are available in your 
area 9 



Notes: 
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CHAPTER IV: CHOOSING YOUR STORAGE SYSTEM 

Since most farmers are already storing part of theirgrain harvest, stor¬ 
age is not so much introducing a new idea as it is trying toimprove on 
what is being done. 

The successful implementation of a national programme aimed at re¬ 
ducing post-harvest farm and village-level grain storage losses should 
involve a flexible, practical field work approach. Thus, the initial plan¬ 
ning for adopting a national strategy analyses the problem as seen from 
the point of view of the farmer in the particular locality to be served. He 
is the Key figure! Any successful programme must be based upon the 
realities of the situation as seen by the individual farmer storing his 
grain. .. 

Accordingly, before any consideration, choice, and planning is given to 
an improved grain storage (dryer) system, it is essential to first study 
local traditional methods in order to: 

1 Understand their shortcomings (if any), and therefore the need for 
improved techniques, and 

2. Determine possible simple, yet effective needed improvements. 

It is well understood here that minor and effective changes of existing 
methods of grain storage are easier to popularize than the introduction 
of complex and costly new alternatives. Furthermore,.in the search for 
finding efficient methods for drying and storing grain at the farm and 
village-level,-it is also important to keep in mind who is going to use the 
stores, i. e is it the subsistence farmer or a group of farmers, the clima¬ 
tic conditions (especially relative humidity) involved, and also the 
amount of grain to be stored. 

It is true that there are some types of food storage that may be totally 
new to an area, such as making pit silos to store grass for cattle of the 
techniques of preservation of fruits. With the introduction of such new 
concepts, you will have to take,Wore social and economic items into 
consideration than with grain storage. Any improvement in his storage 
method must, however,-"be made in accordance with steps the farmer 
sees as the right ones for his particular situation or need. 

With grain storage, great care must be taken in helping farmers to 
choose the appropriate improved grain storage system. Nevertheless, 


& 

there, are certain basic principles that can be carried out in all storage 
systems, and these are reviewed at the end of the chapter. ' 

Thus, in helping the farmers to make the appropriate choices, you must 
take a number of considerations into account. 

These considerations have been grouped into a convenient, easy-to- 
use chart. In your.ared, you should be able to use this table wheq,dis- 
cussing possible storage systems with local farmers. 

* ■* 

The Considerations for Choice of Farm and 
Village-Level Grain Storage Methods 

1. The Geography of the Area 

Temperature, average rainfall during the period of harvest and of 
storrage, winds, type of soil on whi'ch storage facilities are to be 
built (rocky, sandy, clay). 

2. Type of Grain to be Stored and the Use to be Made of It 

Grain that is to be used for-food by the farm family is often being 
opened constantly, and thus the ease of use is of first importance. 
Grain held for longer periods, till sold on the market, may be stored 
differently. 

3. ^.Quantity of Grain Currently being Produced and the Amount to be 

Stored . 

If productivity per individual farmer is Ipw, collective storage 
facilities, may be necessary. The possibility of collective storage 
through the creation of cooperatives will vary from place to place. 
Acceptance will depend on'past experiences, on government poli¬ 
cy. on the degree of cooperative work already being done. In many., 
cases, a group of farmers working together will be able to get more 
done than working individually, and thus store larger quantities of 
grain. Hoover, storage facilities should be no larger than heeded. 
Half-filled storage facilities are wasteful. It is better tp gdd new stor¬ 
age facilities as production and storage needs grow. 

4. Length of Time Grain is to be Stored 

This factor depends on the number of harvests per year- usually 
either one or two. ■ ' 
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5. Construction Costs 

Costs are usually calculated for comparative reasons by cost per 
ton to be stored. Appropriate storage technologies must be inex¬ 
pensive Most farmers have little cash revenue and thus costs must 
not seem to be greater than benefit's, especially as some benefits- 
such as better health through better nutrition - are not easily trans¬ 
lated into cash terms. Thus, the practical benefits of a new method 
must be thought through from the farmer's standpoint if it is not to 
be rejected because of simple'economic realities. 

6. Efficiency 

Has the method been tested in the field in the local area or not? 

> What has been the previous result of its use? 

7. Availability of Materials 

What materials are needed (cement, plastic sheets, insecticides, 
wood, water, screening)? Are special tools required? 

8. Skills Necessary 

How much training time and supervision are necessary to.assure 
proper construction and use? Can the farmer maintain the new 
technique or structure by himself? Once the storage facility is built, ’ 
can the farmer build others without external help? Can the farmer’s 
neighbors build the'storage facility with just his help? 

. - -/V v " 

9. Marketing Considerations 

As it is likely that part of the stored grain will be sold on the market, 
marketing considerations can play a role in the selection of, the 
most appropriate technology. What sort of cereals are most in de-T 
mand? What quality is demanded? Is grain sold to a government 
marketing board of to private buyers? 

10. The Influence of Tradition and Current Practices 

As has been mentioned before, current social and cultural prac¬ 
tices influence what can be done. If all work on grain storage must 
be done by women, then the type and size of storage facilities may 
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■ be different from what would be the case if men did the building. If 
farmers are used to building with mud brick, it wjll be easier to in¬ 
troduce a mud silo than if people only use wood. If work is already 
done collectively, it may be easier to store collectively than if it is 
done individually. 

There are a wide variety of techniques of storage already in use - ; the 
techniques chosen usually depend upon the amount of grain produced 
and traditional techniques in use. Thus farmers with a small grain pro¬ 
duction usually store grain in their dwellings, very often above the cook¬ 
ing area. Similarly, groups of people who are good at making clay pots 
will store grain in large clay pots, while those who are good at making, 
baskets will store grain in closely woven baskets. 

Many of these traditional methods are useful and are a base on which to 
build improved'storage techniques. Many of these techniques can con¬ 
tinue to be used, especially for the storage of grain that is to be used as 
seed for planting. Only a limited amount ^|rain needs to be kept for re¬ 
planting. 

However, the basic problem with many of the adequate traditional tech- 
niques-such asstorage in clay pots-is that they are not adapted to the 
storage of larger amounts of grain. Many of the traditional techniques 
were of use when a farmer grew grain only for his own family. However, 
as the scale of production changes in order to sell grain on the market, 
so storage techniques also have to change in scale. 

A chart has been made of the aforementioned ten points. If you expect 
to us^b it in a Workshop/Training session, you can try filling in each sec¬ 
tion for the different types of storage being discussed. Once you are 
back in your local area, you can use the table in discussions with local 
farmers in trying to find the most appropriate methods. 

Even with this Table of Considerations to assist you, the choice of ap¬ 
propriate storage methods can be difficult. One problem is whether you 
should select comparatively complicated techniques which can bring 
great advantages to a fairly small number of better-off farmers (on the 
assumption that the number of these farmers will increase over the 
years) or whether you should introduce simpler techniques vyhich can 
be adopted easily by the average farmer. This is a question and will.have 
to be discussed openly with the local leaders. ’ ‘ ’ 


ft ■ 


However, whatever kind of storage system a farmer uses, there are cer¬ 
tain basic principles on which every method is based. Most have been 
mentioned before, but it is useful to review them here. 

Every storage container - to the maximum extent possible - no matter 
how large or how small, no matter of what material it is made, should: 

- Keep grain cool and dry; 

- Protect grain from insects; 

- Protect grain from rodents. 

’ 9 

All storage methods should^ry to accomplish these three objectives 
and particularly where “closeTi' systems are involved. 

But no siurage container is adequate without good storage techniques 
and management. The following »pven points represent a suggested 
Code of Good Storage Practices, and thus offera set of guidelines in 
the adoption of an appropriate storage'system. , 

1. Drying grain well before putting it into storage. The grain must be 
kept dry. 

2. Putting only clean grain into containers which themselves have had 
all old grain, dust, straw and insects removed. All dust, old pieces of 
grain, dirt, straw should be burned, for they are likely to contain in¬ 
sects. 

3. Keeping the grain cool and proctected from large changes in outside 
temperatures. This can be done in a number of ways-by using build¬ 
ing materials which do not easily pass on changes in outside temp¬ 
eratures to the stored grain, by keeping or building storage contain¬ 
ers away from direct sunlight, by applying a coat of white plaster to 
the outside of the containers. 

4. Protecting the grain from insects by following rules for cleanliness 
and drying, by applying insecticide, and/or by putting the grain into 
airtight storage. 

5. Waterproofing the buildings and containers as much as possible. 
This is done by the way the building is constructed and by applying 

- materials which keep water from soaking into the building material. 
Storage buildings should be built on well-drained locations. They 
should not be placed where they will be flooded by ground water 
'run-off during heavy rains. 

6. Maiking sure containers.are rodent-proofed in all possible ways. 
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7. Checking the grain regularly while it is in storage to make sure it is 
not infested, and following re-cleaning instructions to destroy insec¬ 
ts, if they are found when the grain is checked. Checkthe grain every 
two weeks and suggest to the farmer that he make checking his grain 
part of a weekly or bi-weekly routine. Put his hand into a sack of grain 
to check for heating. He can smell the grain and look for dark ker¬ 
nels: signs of mold. If these signs are found, he should dump out the 
grain and dry it again. 

A farmer who has these seven points firmly in mind will know why a par¬ 
ticular silo or storage method has been built or changed in a certain 
way. He can then do much to improve his own storage facility by apply¬ 
ing the knowledge to his own problems. 


Storing Grain in Sacks 

A very common method' at both the farm-and village-level and in the 

i 

storage centers of merchants, is the storage of grains in-sacks. 
Putting gram in sacks or bags is a very old method of storing. Storage ’ 
sacks are made of woven jute, hemp, sisal, local grasses, cotton-what¬ 
ever material is available ig the area. Sacks are relatively expensive as 
they do not often last for more than two seasons, and they do not give 
much natural protection against insects, rodents, and moisture. But 
sack storage has some advantages' for the small farmer, and there arg 
things farmers can do to protect their sacked grain. 

Sacks are easy to label Farmers can iabefold grain sacks and new grain 
sacks to keep them separate. Seed grain can be marked and kept sepa¬ 
rately from the other grains. 

Sacks are easy to move around, and can be used as they are needed. 
Farmers in one village may decide to build a shed to hold the grain be- 
longing to all the village’s farmers. It is easy to mark sacks so that each 
farmer’s grain can be found simply. 

However, gr^in stored in fiber sacks is easily attacked by insects, ro¬ 
dents, and molds. Often these attacks are worse because a farmer has 
not done all'he can to protect his grain sacks. 

There are a few measures that the farmer can take, such as to water¬ 
proof the walls and roof of the building where the grain is stored. 



The farmer should also stack the sacks on platforms raised off the 

floor. This keeps sacked grain from taking moisture from the floor. Far¬ 
mers can make these platforms out of whatever materials they have. If 
no wood or bricks are available to make a platform, the ground can be 
covered with plastic sheets. The raised platform is better than the plas¬ 
tic because it also allows air to flow under the sacked grain. 

Finally, as we have saiS before, whatever choice of improved storage 
system is decided on, that decision will have to be made by the farmer 
himself. However, you can help introduce the material from this training 
manual to him because you know the area where you work. 

Although there are a number of different types of improved farm and vil¬ 
lage-level storage units for farmers to choose fromTin the following 
chapters this Manual will concentrate on four selected models which 
years of usage in West Africa have confirmed their operational effec¬ 
tiveness under a wide variety of geographical and climatic conditions,' 
and also, from an economic point of view, are within the means of most 
subsistence farmers on an individual as well as collective basis. These 
include: 

- IMPROVED MAIZE CRIB 

adapted by FAO from a model originally developed by the Nigerian 
Stored Products Research Institute; combines drying and storage. 

- Northern Ghana'' IMPROVED MUD BRICK SILO 

which has proven to be an ideal container for home storage needs, 
not only in the dryer areas but also has been recently improved to 
meet the requirements of humid zones as well; basic model holds 1.5 
tons. 

- 4.5 ton CEMENT STAVE SILO 

has been found to be one of the most versatile yet inexpensive stor¬ 
age units in use; particularly popular with cooperatives and village- 
level groups. 

- CEMENT BLOCK (Square) SILO 

this silo can be made with storage capacities ranging from 1 to 7 tons; 
either asasingleunitorjoined together in a series of compartments. 



Workbook Exercises 


1. What are the current ways in which grain is stored in your area? 


Notes 




2. What quantities of grain are being stored in your area, by the indi¬ 
vidual farmer, on a cooperative basis? 




Notes: 
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3. What are the advantages that the farmers see in the methods they 
are now using? 


Notes: 


4. What are the disadvantages that the farmers have mentioned of the 
methods they are now using? 



Notes: 
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5 . 


What are the construction costs in money and time of the methods 
of storage in current use? 

p . 






Notes: 




6. What are the three basic aims of all grain-storage systems? 




Notes: 



^ * 

7. What are some of the measures that are currently being taken to 
waterproof buildings or containers for grain storage? 
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Notes: 


8. What are some of the measures currently being taken to make stor¬ 
age facilities as rodent-proof*as possible? 




Notes. 
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9. What are some of the advantages of putting grain in sacks? 



Notes: 


10. What are some of the disadvantages of putting grain in sacks? 


Notes: 

- ■ . \ 









11. How can some of these disadvantages be overcome? 



Notes: 


12. What plan of action will you followjn discussing the different types 

t 

of improved storage containers with local village leaders? 


Notes: 
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CHAPTER V. CONSTRUCTION & UTILIZATION 
OF VARIOUS IMROVED FARM &VILLAGE-LEVEL GRAIN STORAGE 

FACILITIES 


INTRODUCTION 

In most developing countries it is estimated that upwards of 75% of 
food grains are stored and consumed on the farm. This is especially true 
where farming is carried out predominantly at the subsistence level. 
Losses in farm storage caused by insects, rodents, birds, and mo.ulds 
occur in nearly all grains and in all climatic zones, but are. particularly 
severe on maize in the humid tropics and'on pulses in both dry and 
humid zones. The importance of improved,farm and village-level grain 
storage methods to developing countries cannot be overestimated 1 , and 
in view of the large quantities of grain stored at this level, it is rather 
Ironic that greater emphasis has not been given in the past to this activi- 
ty. 

Traditional methods of storage used by subsistence farmers in develop¬ 
ing countries have achieved varying degrees of success. These varia¬ 
tions are mainly a result of climate, local natural resources and social 
customs. The majority of the traditional storage bins constructed of in¬ 
digenous materials (largely of an organic nature), suffer from the same 
problem of not being air tight, insect resistant or rodent proof. Many of 
them do protect the stored grain from exposure to liquid water but not 
from the vapor form, especially in high humidity climatic areas where 
microorganisms and insects flourish particularly during tropical rainy 
seasons. * ' ' 

Modern storage methods are basically improvements over traditional 
practices. Although these units are essentially based on sound en¬ 
gineering principles involving the best available appropriate technolo¬ 
gy, the real test of their usefulness depends on whether they meet the 
criteria dictated by local economic and social conditions. It is not 
enough to have-anexpert-engineer putsome modern building materials 
together in order to make a structurally sound and air tight bin; what is 
of prime importance is whether subsistence farmers can afford to own, 
operate, and maintain such a unit. 


Thus, in the search to find efficient and safe ..methods for drying and 
storing grain at the farm and village-leve, it is important to keep in mind 
the specific needs and requirements of the subistence farmers who are 
goingrt-Q use them. Experience has shown that the following general 
cond+fibhs have to be met in order to successfully promote any new 
storage/dryer technology at the local level: 

■ a) Cheap and simple to construct and operate, 

* .0 

b) the-material's used for construction should be easy to find locally, 

and • ' 

c) Safe to operate. If the method introduced involves a certain amount 
of risk for the fa'rmer, he is not likely to accept if. 

With these rules in mind^G&refully study the following improved farm 
and village-level grain storage systems. Remember, the typical subsis- 
tepcejarmer is by naturea cautious person and often suspicious of all 
that is new and unknown to him. Adopting a new method normally 
means an extra outlay of money and also a risk'of losing his crop; so- 
s mething he is not prepared to do unless he is sufficiently convinced of 
the advantages offered by the new storage methods. 

. ' . 'j 

CONSTRUCTING AND USING YOUR 
STORAGE SYSTEM (OPEN) 

MODEL 1 - IMPROVED MAIZE CRIB 


The storage of- husked and unhusked maize is a common practice 
amojp-g subsistence farmers in many developing nations. A number of 
variations are used but the two essential requirements for successful 
open storage age: ‘ 

tv that drying take place while the crop is being stored, aff$ 

2. that your are able to control insect attactaat the same time. 

In many parts of Africa for example one findslarmers hanging-bunches 
of undehusked maize (or corn) on poles set in "the ground, in the 
branches of trees, and Ln the hoofs of cooking or living shelters. Some¬ 
times farmers remove tile husks and pile the cobs loosely in open- 
weave basket granaries or in covered crib granaries. The latter contain¬ 
ers partly protect the grqin from rain and also allow air to pass over the 
grain, and help dry if better.. 
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In humid wetter areas, it is more advisable to put the crop in a crib-type 
storage container. In many countries of sub-Sahara Africa, the' 1 tradi¬ 
tional storage crib is either round or r,ectangular, and is built approxi¬ 
mately V 2 meter off the ground, with walls made out of mud and/or palm 
leaves. This type of storage unit is easy and cheap to make, but the stor¬ 
age losses due-to insects and rodents are often as high as 40 per cent. 
Insects are the main problem, because they are able to attack maizadry- 
ing in these traditional cribs very easily, especially in the case of Maize, 
when farmers choose to leave the husk on the maize cob. This method 
provides some protection from insect attack, but is also means^that dry¬ 
ing takes longer because the air cannot pass freely over the cob. Also, 
the husks are full of moisture which increases the risk of molding. 
During the last several years, experts at the FAO African Rural Storage 
Centre in Ibadan, Nigeria, have designed a crib (based on a model origi¬ 
nally developed by the Nigerian Stored Products Research Institute) 
which offers subsistence farmers a number of, advantages over tradi¬ 
tional open storage systems. The following plan is for a 2 m long crib 
which holds approximately 800 kg of cob maize (orsome"540 ’kg of shel¬ 
led maize). Another variation of the same crib, which is 1 m I6ng, 1.50 rh 
high and 0.60 m wide, will store 400 kg of cob maize or 270 kg of shelled 
corn. 1 


insect Control in Cribs * 

To reduce losses due tg Trisects-,,a number of insecticides have,been 
tested for open critg storage. The maize put into the cribs must have the 
‘ husks removed so that the insecticide can cover the whole surface of 
the kernels on the cob. ' . • • ° ’ •». C 

Apply the insecticide to the rhai.ze cobs in layers. Put down a layer, of 
cobs 20-25 cm deep. Dust the-layer.with in'secticide, Put down anblNer 
layer of cobs, and then more insecticide. (Continuedntil the crib^ftiM 
When the crib is full, put insecticide on the outside.walls of the cribsftp 
prevent insects from.entering. > ' ■*. , 

The wind, rain, and sun all pari affect how long the insecticide lasts. You 
can put more insecticide on th'e outside of the crib every three to four 
weeksJ_ook at the maizeYn the crib every few weeks to see if the insec¬ 
ticide is still working v The insecticide put inslde-the crib will last only 




Source: African Rural Storage Centre 
Drawing by - Harald Thorshaug 























four or five months. But while it is working, it can reduce the amount of 
maize damaged by insect attack. 

After four months, check the grain moisture level. The maize may be dry 
enough to shell and store in sacks or bins. The maize is dry when the 
kernels crack sharply between your teeth and are not soft. If the grain is 
not dry enough, remove all the maize.and put is back into the crib again, 
layer by layer, dusting with insecticide as you go. 

Faster Drying 

Keep the crib no wider than 1 m. Between 60 and 100 cm are good 
widths for d rye Storage cribs. The narrow width helps maize to dry 
more quickly. Air cannot move through wider cribs to cool the grain in 
the middle The grain in a wider drib will heat, and be attacked by mold 
and insects. 

Rain which wets the grain through open crib walls is not gernally^ 
problem. Only the surface of the maize on the sides gets wet, and tJflis 
dries quickly after the rain stops. The rain causes no increase in mois¬ 
ture content of the grain,if there is sunny weather afterwards. 

Some General Remarks About the Improved Maize Drying 
and Storage Crib 

- Use materials that are easy to find in your local area, 

- The'crib will work best if it is no wider than 60-70mm. 

- A good height for the crib is 2.00-2.25 m from the ground to the roof. 
There is at least 50-75 cm between the bottom of the crib and the,, 
ground. Most rats cannot jump this high. 

- If bamboo in your area is attackec^y insect borers, use another local 

wood for the legs. Make sure the wood is termite-proof. These legs 
must have rat guards put on theft. ■ , , > 

- The long sides of the crib must face the sun. Thatjs, they should face 
the east and west? The short sides will thendace north and south. 

- Make the crib larger by. adding more sections. Make it longer. Do not 

make it wider. ’ . - - 

Following is a detailed description of how to construct the Maize Crib. 



THE MAIZE CRIB 


% 


Tools and Materials 

3 3 

This is a guide. You can use what you have available. The frame is 
bamboo. If bamboo is not available in your area, or if the bamboo in 
your area is attacked by insect pests, use wood that is resistant to ter¬ 
mites or any other pests. Lash it together the same way you would lash 
bamboo. 

For the buiidmg frame (all bamboo or substitute): 

(a) 3 vertical supports, 3' 2 m long, with V-notches and lashing slots in 
one end of each one 

<b) 3 vertical supports, 3 m long, with V-notches and gashing slots in 
one end of each one 

(c) 2 horizontal roof-supports, 2 1 .'2 m long 

(d) 2 horizontal platform (ficor) supports, 2'h m long 

(e) 6 vertical platform supports (with V-notches in one end of each), 

1' 2 m long 

(f) 6 notched horizontal width spacers, 70 cm long 

(g) 25 poles> 95 cm long, for the platform surface 

Forthe wall bracing and covering (raffia, small bamboo or other wood): 
(hi 8 cross braces (optional if frame is very strong): 

- 4 must be about 2 1 2 m long 

- 4 must be about 1,70 m long 

( 1 ) 8 wall supports, 2 1 4 m long ' ^ 

(j) 8 wall supports^ m long 

(k) raffia or other strong slajts for the wall covering. Tie these together 
into a mat. The finished mat should be about 6 m long and IV 2 m 
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For the roof (all bamboo or substitute, except for purlins, and roof cov¬ 
ering and loading cover): ■ % 

(l) 2 horizontal pieces, 3 Va m long - 

(m) 3 cross pieces, 1 m long s ' 

(n) 2 angle braces, 1 m long 

(o) 7 purlins, 3\U m-long. Six of these will be lashed across the cross 
pieces to support the roof cohering; one may be attached to the 
front loading cover. 



(p) raff fa mat or grass for thatch tocover the roof, and also for the front 
loading cover. You will need.a horizontal piece at least 2V4 m long 
to weave the loading cover material onto-it need notbe bamboo or 
of a large diameter. 

For rat guards (if you need them): 

See Section 6. Part 2 of this manual for directions on making rat 
guards (baffles). 

. «r * 

For the lashing material: 

(qj You will need plenty of rattan, rope or tie vine for lashing all the 
wood pieces together, ^ 


1 Select a site. 1 

- Find a good site for your storage crib. Keep the crib away from the 
fields, This stops insects from flying to,the’drying grain from the 
fields. " 

2. Prepare,your materials. 

. - Collect all the materials you will need. ; 

- Make V-shaped notches in one end of each of the three 3 V 2 m ver¬ 
tical supports (a), and cut some grooves on each side just beneath 
the notches to provide a hold for the lashing there. Do the same on 
one end of each of the, three 3 m vertical supports (b). 


ULMft) 





- Make V-shaped notches in one end of each of the six 1 V 2 m verti¬ 
cal support posts (e). 

- Make holes all the way through each end of all six 70 cmhorizontal 
spacers (f). 

- Organize all the pieces, or mark them with the appropriate letters, 
so you can find them quickly during construction. 

4 

3 Make holes in the ground for the legs. 

- Mark spots for holes for the vertical supports (legs) (a) and (b) on 
the ground Make a mark for the first hole;<measore 1 m and make 
another mark. Measure 1 m from that mark in the same direction 
and make a third mark. You should now have 3 marks ijn a straight 
line. Each mark will be the center of a hole. 

- Make three more marks, each 1 m apart, in a line parallel to the 
first line and 75 cm away. Each of the three new marks should be 
directly opposite one of the first marks and 75 cm away. 


- Dig six holes, each centered on one of the marks. Make the holes 
50 cm deep bnd wide enough so that two vertical supports will fit 



2 m * 
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4 Erect the vertical supports. 

- Lay the three Vk m vertical supports (a) on the ground 1 m apart, 
with their, ends lined up. Lash one of the 2Va m horizontal roof 
supports (c) to the notched ends. 

- Lay the three 3 m vertical supports (bfon tfre ground in the same 

way and lash the other horizontal roof support (c) to the notched 
ends. • _ . 

Place the two assemblies into the holes. 

* * n ' V 

n 

' ■ s ^ 
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5 Erect the vertical platform supports. 

- Place the vertical platforgi supports (e) into the holes on'the in¬ 
sides of the vertical.supports you have placed in th,e holes.-Make 
sure the V-notches are facing upwards. 

Tie the platform supports to the longer supports temporarily until 
the next.step is completed. 


\ - 

' • . * & 
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6 . Install the platform support framework and make the structure* 

r ' gid - ‘ 

- Place the two horizontal platform supports (d) in the V-notches of, 

the platform supports. . i 

- Lash three of the notched.horizontal spacers (f) to the vertical 
supports (a) and (b), across the width of the crib. 

- Level and square the framework.■■ 

- Fill the holes around the vertical supports with small stones and 

soil Tamp down firmly. / ’ . .' 

- Lash all joints tig'htly. 






» 

7 Finish.the platform. 

- Lash the twenty^five 95 cm poles (g) next to each other on the 
horizontal platform supports. This forms the platform. * 

4 . 
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8. Install the cross braces. v 

- If you think the frame is not sturdy enough by itself, lash the cross 
braces (h) loosely to the vertical supports on the outside of the 
crib. ■ 

- The 2 V 2 m cross braces are paired on the long sides of the crib, 
and the 1.70 m cross bhaces are paired on the ends of the crib. ^ 

- Each brace should extend from somewhere near'a top corner to 
somewhere near the opposite bottom corner. Leave room for a"' 
loading cover on the higher- side of the crib. 

-Alake sure the frame is straight ^nd even. Lash the braces secure¬ 
ly. • ■ 




9 Install the wall supports and wall covering. 

- Lash four of the 2 'm m wall supports (i) to the vertical supports 
along the inside of one of the long sides of the crib. Lash the re- 

I mainmg four supports to the inside of the other long side of the 

crib. 

- Lash four of the 1 m wall supports (j) to the vertical supports along 
the inside of one end of the crib, and four ofthem along the inside 
of the other end 

- k-ash the already-prepared wall covering, 6 m x 1 ’/2 m (k), to all the 
wall supports op the inside of the frame. 
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10. Build the roof. / 

- Call the high side of the crib the front and the lower sinde the 

back. 

- Measure the distance between the centerlines of the front and 
the back horizontal roof supports (c) which are lashed to the tops 
of the vertical supports (a) and (b). 

- Lay out the two 374 /o horizontal roof pieces (I-) on the ground so 

I * 

their centerlines are the same distance-apart as the measure¬ 
ment you have just made. 

Lash the three 1 m cross pieces (m) on,top of the horizontal roof 
pieces. 1 m apart. When the roof is placed n on top of the frame, the 
cross pieces should cross over the ends of the vertical supports 
of the frame. ; 



w 


BssS 


Lash the two 1 m angle braces (n) to the horizontal roof members 
so that they extend diagonally across the two spaces in the roof 
frame. 

Lash six 3V4 m purlins (o) on top of the three cross braces so that 
they extend longways along the roof frame. Lash the frist and last 
purlins near the ends of the roof cross braces. 

Lash raffia mat in overlapping layers to the roof frame. 
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43. The criMs ready for use./ 

■ * — Load thp crib. Lash down the bottom corners of the loading 

a gover to toe fr,ame'during drying and storage. 


0 ^ 
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WORKBOOK EXERCISES 


1. What are the two main requirements for a successful open storage 
system? 
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Notes: s V 
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2 . Describe what steps should be taken to limit insect attack in open 
crib storage? ’ ^ 
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Notes: 








3. Describe how farmers in your area use open storage system 
methods? c 


Notes: 


4. What are tjjfe advantages and disadvantages between "open” and 
"closed" storage systems? ■ 


Notes: 







5. Are local building materials available in your area f6r constructing 
the Maize Crib described in this chapter? -> 

r' 


\ 





Notes 




f 

6 How would you prevent rodents fromiattacking maize stored in the 
FAO Maize Crib? 


'* r 





Notes: 
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7. Can you suggest any other type of open storage system which offers 
satisfactory results? • 



Notes: 


8 . What influence does the prevailing wind have in choosing a location 
for your Maize Crib 7 
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CONSTRUCTING & USING YOUR STORAGE SYSTEMS (CLOSED) 
MODEL 2 - IMPROVED MUD BRICK SILO 


INTRODUCTION 

fr X 

The "Northern Ghana Mud Silo" as it was originally called, was initially 
developed at the Ga'ru Agricultural Station in the Upper Region of Gha¬ 
na. The project was ja joint Ghanaian-West German agricultural de¬ 
velopment undertaking aimed at improving the traditional mud silo 
common to the area. Their principal objective was to try and make the 
traditional mud silo more airtight and durable ancj at the same time still 
incorporating low construction and operating costs. This silo as first in- 
•troduced in nor,th,ern Ghana was built on a layer of large rocks, had [mud 
brick walls a wooden unloading shute, and a cement slab serving as as 
the top cover. It was soon found, however, that with certain modifica¬ 
tions. this model could be effectively utilized in othgr regions as well, 
especially where humid ity%as a factor and where rocks were not avail¬ 
able as a building material. 

MODIFICATIONS 


Accordingly, the following changes were made on the silo to render it 

more adaptable to other geographical and climatic regions: 

1 Constructing,the silo on pillars and insulating the silo from ground 
moisture by putting tar paper between the pillars and the bottom 
slab. 

2. Making the bottom and top slabs .out of reinforced concrete to give 
added strength to the structure. 

3. Replacing the wooden unloading shute with a plastic pipe cap which 


rs_.ainti 


4 Eliminating the sloping floor inside the silo-to increase capacity. 

5 Topping the silo with an inverted thatch cone to protect;it against the 

sun.and ram. and " t ^ 

6 Painting the Silo with a coat of coaJ tar to inhibit moisture absorp- 

* 

tjon. 

Although these changes increased the cost a little in comparison to the 
original Northern Ghana Mud Silo”, the improved model is in terms of 
increased efficiency still much cheaper than a one ton cement silo Or 
one ton s-worth of metal barrel storage. 
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RESULTS OF TESTING (Peoples Republic of Benin, West-Africa) 

Several interesting facts were learned about these silos. One important 
thing is that after construction they must be allowed to dry completely 
before they can be filled. This was learned in a previous test in 1975. 
When grain i’s put into'a silo, the grain should not be tamped with a stick. 
Since the silo has no reinforcing around the sides, tamping can cause 
cracking of the silo walls, especially if the silo walls are not completely 
dry. 


Improved Mud Brick Silos 
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As there are no big rocks in the south of Benin to use as a silo founda¬ 
tion. it was decided to adapt a system of. pillar bricks and a reinforced 
bottom slab (such as is used on the cement stave silos developed in Be¬ 
nin) Between the pillars and the bottom slab, pieces of tar papier were 
placed. When.the ground is really wet, cement tends to transmit humid¬ 
ity from the ground up into whatever structure is above the ground. In 
the case of a silo, a humid bottom slab will mean wet, mouldy corn. The 
tar paper has proved to be an effective method of stopping the humidity 

i 

transmission. \ 

With the addition of the plastic pipe cap for the emptying hold and the 
sealing of the entry hole in thei-top slab, the silos have been fouVid to be 
nearly airtight/TKhe silo is full and.has not many insects, carbon dioxide 
will build up vu the\jlo and control the insects. However, if many insects 
are present the silo can be treated with a fumigant such as Phostoxin to 
assure the complete and immediate control of the insects. 

In northern Ghana a roof on the silo is not really needed during the time 
of storage. However, in the southern humid of Africa regions, storage 
many time takes place during at least part of a rainy season. With the 
addition of the thatch cone roof,-a cheap and effective method of pro¬ 
tecting thesilowas found.The roof is light enough to be lifted into place 
by two men. 

Questions as to whether the whitewashing of the silos, as is done in 
Ghana, w'ould protect the silos against the rain and humidity of the 
south were raised. Thus, one of the two silos tested at Niaouli* was 
whitewashed while the other was painted with,coaltar. (The silo in 
Cotonou was whitewashed. The idea behind painting|the silos with 
whitewash is to minimize the change of temperature inside the.silo. This 
change in temperature is caused by the sun heating the silo in the day¬ 
time and the cooler /light air cooling the silo at night. The heating and 
cooling .causes air currents in the silo w.hich may form pockets of 
humidity, leading to rotting of the grain. Whitewashing a silo causes the 
sun s rays to be reflected, resulting in a cooler silo.) However, it was 
wondered if whitewash would provide enough protection against rain 
and humidity. Coaltar is impermeable to water so one silo was painted' 
with it. Coaltar is black and the color black absorbs lieght rays, so the 

Agncultura! Research Station near Cotonou 
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part of the silo hit by the sun's rays was protected with a reed mat: In this 
way. it was hoped to minimize the effects of.heating and cooling of the 
silo Results Showed";the corn stored in the whitewashed silos hach a 
slightly higher level of humidity at the end of testing apcompared to the 
corn stored in the coaltarre^ silo. However, corn in the whitewashed 
, silos was still in the safe h 
containers. 

> 

Construction Summary 

Due to a lack,of largerocks in the south of Benin, it was decided to place 
the silo on a cement foundation and pillar bricks. Three holes ar § dug in 
the ground and a foundation of cement 10 cm deep is poured. On the 
foundation three pillars of two bricks each are mounted. Between the 
pillars and the bottom slab of the silo, pieces of tar paper must be placed 
in order to insulate the slab from moisture coming up through the pil¬ 
lars. , . , . 

The bottom slab can be made on the ground in a circular formwork. 
Diameter of,the slab is 1.20 m and the thicknqgs is 8 cm. the cement in 
the slab is reinforced with 6 mm rerod. The slab should be watered three * 
times a day for seven days to insure proper curing of the cement. Once 
cured the siab may be lifted by several men and placed in position on 
! top of .the pillars, provided the tar papier has already been placed. 

The wall of the silo is made of 325 mud bricks. These bricks can be rec; 
tangular or have beveled ends which fit more nicely the circular form 
and demand less mortar. Thd beveled bricks-are 10 cm high, 10 cm 
wide, and 15 cm long on one side and 18 cm long on the other side. To 
mount the.wall, a-circle one meter in diameter is traced on the bottom 
slab. A layer of mortar is placed between the circle and the outside of the 
slab. The first jayer of bricks may then be placed on the mortar. Space 
must be left for the plastic pipe cap that serves as the emptying hole. 
Once the bricks and the pipe cap have been mortared in place, the se¬ 
cond layerof bricks may be placed. The silo wall ends up 17 bricks high 
with 19 bricks per layer.;The mortar used to mount the wall and plaster 
over the bricks may be a mixtire o'f cement and sand; cement, sand, and, 
clay mud; or clay mud .only if it “has good bonding properties. 

J * o 

The top slab for the silo can be made o.n the grouhd in a circular form- 

. } 
& 
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lidity range for storage in silos or closed 




work just as (he bottom slab is made. The top slab has a hole 50 cm in 
* 

diameter in the center which’Serves as the filling hole. It-is large enough 
to permit a man to enter into the silo in order to cofnpietely empty and 
clean the silo. This slab is 6 cm thick,and 1.20 m in diameter and is rein¬ 
forced with 6 mm rerod. Once the slab has cured for one week, several 
men can place the slab on a lays? of mortar on top o.fj.he wall. 

Since the top slab has the filling'nole in it, a method of sealing the hole is 
needed. Thus, a small cemerVhcover slab is made. The cover slab is 
made 5 cm thick and 10 cm larger than the filling hole or 60 cm in 
diameter. There is a Simple re rod handle embedded in the slab toaid the 
removal of the cover slab from the filling hole. A'smalf mortar lip is 
placed around the filling hole. Once the mortar is dry and the silo filled, 
the cover slab can be placed on the lip and the crack between the two 
can be sealed with clay mud or a light mortar mixture. If the emptying 
hole and filling hole are both well sealed, the silo will be insect and rat- 
proof plus airtight. 

Options and possible modifications in the silo construction < 

If stealing is a problem in the area where the silo is to be built, rerod can 
be imbedded in the wall on either side of the emptying hole and in the 
slab on either side of the filling hole. Bars can then either hinge on or 
slide through the rerod pieces and be locked with a padlock. This is a 
simple and effective way of eliminating most thefts. 

The foundation and floor slab of the silo could possibly be done in 
another way. although if is still experimental. A hole with an outside 
. .diameter of 1.30 m would be dug to a depth of 30-50 cm or more until 
hard-packed earth or rock was reached. A circular foundation of bricks 
would be built around the edge of the hole, leaving the center empty. 
The foundation should extend 15-20 cm above the ground. Once the 
foundation bricks had been layed, the hole could be filled up with sand 
which was hard-packed and level with the top of the foundation. To 
waterproof the base, plastic sheets, coaltar, or tar felt (tar paper) would 
be used. The plastic sheets^can be layed directly on the sand and found¬ 
ation.bricks. If onets using the coaltar or tar felt, a 3 cm layer of mortar 
" must be placed on top of the hard-packed sand. One would overlap 
joints of tar felt 20 cm and spread coaltar on the seams. With the coaltar 
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only, one would paint the mortar and foundation bricks’ top four times. 
Over the plastic sheets, tarfglt, or coaltar another layer of mortar 4-5 
cm- thick would bfe^placedvlhis mortar layer would serve as the floor of , 
the silo and the base for the walls. ** *' 

The top slab could be built using only cement, sand, and gravel - no re¬ 
rod. Four or more boards could be placed across the-top wall to form a 
sqDare which would serve to support the slab’s weight. Thus, one could ; 
conceivably do away with the need,for re rod in both the top'and bottom 
slabs. As mentioned in the paragraph above, these ideas, are still ex¬ 
perimental. Time and money have not yet been found to prove or dis- . 
prove them. The ideas are presented??) show a certain design should 
; not always be thought of as perfect. Reasonable design change£should„ 

’ be sought after .and looked into, . . . \ * V ' / ’ ' 

The improved Mud Brick Silo provides a reasonably cheap and effective - 
method of storing one ton of grain. The silo works imdry regions and has 
now beeh adapted to work inhumid regions. The silo„caih even be built 
on a lightly larger bottomtjSab, have the wall bricks turned sofheir^short 
side faces-outside, and have a larger top slab to increase capacity to one 
and a half tons. The silo,works and is so adaptable because it is some¬ 
thing basically uncomplicated-in en increasingly complicated age. 




- Conduction Materials 


: Mud bricks 
Cement 

Rerod h . 

Tar felt 

T 

Plastic pipe cap 

Gravel r__ .. — 

Sand- 
Coal-Tar 

Whitewash. * 

- ■} 3 * . 

Thatch and wood for cone roof 




325 / • , 

4-5 , ,saq ( ks ; o y 

3 Six meters bars (6 mm diameter): * 
1 square meter m 2 ’ ’ . , 
t ij\0-12 tm’ dia me te’r) h . ■ 


^S^m 3 cubic meter 

_ / 

.75 m 3 cubic, meter 
3-4 liters . 
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Mixture Proportions * 

Foundation, pillars, 
tpp and bottom: " . 1 part cement"- 2 .parts sand 

slabs, and manhole cover 3 Parts gravel 

Mortar joints and plaster Job : 1 part cement — 4 parts sand/or a 

* ■ mixture of cement, sand"and mud. 

Wall bricks all mud/or mud and cement depending on quality of mud. 
MOLD SIZES LXWXH ** , 

'■ »' 5 . 3 -S * 

Pillar bricks ,, 30 cm x-30 cm,*.20 cm 

Mud Wall bricks ■ 15 cm x 10’cm x 10 cm or bricks with one long 

side, 18 cm tong and the other long side 15 cm 
long x 10 cm x 10 cm. These bricks conform 
better to the'circle apd need less mortar 

b j o 

between their-joints. 



CONSTRUCTION OF THE SILO 


MUD BRICKS ' 

• ^ r'f ■ Q . - - . 

The number of rri u ^ w a 11 briqUs will depend on the height and diameter, , 
of the silo. A silo with a 200 m interior height and'a 100 m interior diame¬ 
ter will need 325 bricks. • • ■ , & ' // ' 

Good quality npud should be at least V 3 sand an 5-30% clay. In Benin a®" 
distinct red qolour indicates a good clay content and;maKes solid 
b r ic ksc A tnxnnqrto-ye 11 ovrcql our,mean s a higtrsamt content. CI ay ©oUl.cL,.‘ •. 
be added to make this soil better for brick making.Jtoil dark brown or * 
black has a high humus content and is not recommended for brick mak- 
mg. ■ . - ., ., / 

To prepare the soil, clean the soil of all organic debris and ,break' up 
clod-s, Adjust the composition if'qecessary by adding send or clay-rich > 

f ’* ■- ; V 1 ' * * - v .; ■ ■ ^ 

soil, which is unavailable, broken-up termite hills may be used. Add just 
enough water to be workable. Excels water causes clay to swell and 
then shrink when drying causing cracking of the; bricks./ 

In sgw^ie regions plain sun-dried mud bricks are very strong. Other reg- , 
ions have mud that makes strong bricks if mixed with a little @1:1,5-20) 






'cement. Some types-of soil become less strong when mixed with ce- 

<, ^ ^ Q, * ' 

ment. Thus, a few bricks should be made to try the.different possible 
combinations.-When the bucks h’ave dried, break them and see which 
mixture produced the strongest bricks. ■, J ' 

Once the type of mixtur§J>as been selected, bricks can be made. Select 
a good. flat, sheltered ..area on which to build the bricks. Mix'the mud 

‘ . • J ■■■■ ■■/ ■■■■ * .. .. . . .• ; 

and water taking cafe not,to add too much water. To be strong the 
bricks should toe well tarmge'd and thedwell dried. Be sure and'protect 
the bricks from rain or 4lse you mightxiave .to start over again. j 

» - »4 y 

PILLAR BRICKS • ' * , . * ‘“ '• ^ 

■Six bricks,. 30 x,30 x 20 cm are needed to form-three pillars of two bricks 
each. The bricks can either be dope with .admixture of concrete wjth the 
proportions 1:2,3 or with a mixtur'e o‘f a mortat wit'h'the proportion. 
1:4-6 (according to the quality of ; sand and^ceme'nt empiayed). ■’ ' 
One-could also use cement blocks that ar-e used for Housebuilding it 
’their size and strength are-similar to fhe-regular pilla-r bricks,The pillar' 
bricks must be watered 3 times a day for severed aysin order to'be well 

' 3 . - 

cured and strong* , ", • > ’*' % " .’ 




PILLAR CONSTRUCTION ' . u J * ,/ _ - % 

Trace a circlb with a ra£lujs_ot60 cm oh the ground. This gives the cir- 
cumfererrce of the^ilo s inferior s-lab. Next;* from thd sama?ppi..nt*trace‘''a 
circte’’*with a radiuS'oMS cm and divide the circle into three'equaj parts. 
To divide" the circle intodkyme parts., pick a point on'the circle and with. - 

the radius of 45 cm mark two more pdvnts on the circle, one on eqqh side 

* ’ 

of the choSen point From each one-of theseJ#ro points, mark two mote 

■ ■ i ’ * .o 

nfew points, again with'the 45 Cm/adius. These last two poi.nts’and-the , 
first point chosen divide the cirlqe in three^equal pa rj^Theth/ee points 1 
oh the cirlce will be the center’s of the pillafs. Frorruone center to , 

4*1 .v 

.another should be approximately 79 cm. Around each point, trace a citK 
cle with a rad i us of 25 cm and dig a hole 50 cm deep,.“In each hole pour a - 
foundation of concrete (1: 2 >3) 10 cm deep. Tanrtpf he concrete well and- 
level entirely. After this, construct the pillgrs using two pillars bricks, 
one on top the other, in each hole. Put the first brigks pn their sides so 
their-30 cm long sldesere perpendicular tp thaaxisVunning through the 






center point in between the three pillars (see diagram). The 20 cm sides 
are parallel with-the axis.,Next, place a layer of motaf T-2 cm thick on 
the first bricks and set'the second' bricks in place, Tjne thr'6„e pillars must 
be level'to permit an equahdistribution qf the slab's weight and to insure 
the'slab will bot crack underload. 


"INFERIOR SLAB * - '. * s \ • 

\ % ° " * « •£> ’ VV; 

Thediameter of the slab-ia 1.20 m with a thickness of 8 crin.”lt4s rein- 

' i ? • . ’ ** 

forced with f'5 m (o 6 mm) of reintopcing rod and poured with .a mixture 
, - of concrete (1 2:3). , , ,. a - t ' . ' ' C 

To facilitate construction*'obt.be silo, the bottomland top slabs’’can be 
po-yred on the ground arid later lifted into place. A form work should be 
•; made, either dug into the groflnd or sitting on the ground. Diameter of 
♦the formworkjs t. 20 fn. bine the formwork with paper to prevent the' 
cement from Sticking and wet the paper before pouririigdhe concrete. To 
^ make the slab .smoother on thesides. a piece of masonite can be used to 

■v» ' ' i IS ' ! * o * - 

form the circle of tpe formwork. The original Ghana mud silo had a top 
slab in the’shape of axtoctogon. A circle was. dsed for this chartged 
'model because it is easier-to-form'. d • . ' ' ? 


"REINFORCING RODS ' - - ■ * , C 

To fabricate the reinforcing pattern, two 6 m'rods (o 6 mm) are needed. 
Trace a circfe-pn'the groundwith a 55 cm rariiusitp obtain the modekbf 
1 . the pattern. Di.v'ide this circle into six equal parts, m^king si^.'pbiofs-ofr ; 
the circle. Bend one ba'r around tjje gir d e and cut to fit N ext. fit Three 
straight baps to the circle.so they Correspond, to the.sic points on the’’" 

■*' T 1 ■ T. ' ’t\ ■ V 

circle'and cross-each other in tfne Mntgr of the circle (see dfkdrsml 

, Each bar or rod shduld have at leafst 5-10 cm'e^t/a ateath end that can 

be bent over the cirple in order to hold the bar-in place.4rheseibebt ends 

can then pe attached with little pieces of wire to seduce' them'H'.rmly. Be- 

fore pouring the cement for the slab, it is importani to place the patt'ern 

mthe siat^dbiVnwork to make sure iKs ro u n cf *a pddla-i-arid not too big. 

•» T ^ J t : 1 

Once tbegformwork.a'ndthe re rod? pattern havtef-bee'ri completed, the 

concrete mixture can be. prepared.-The bottom'slab will u$e approxi- 

a - *■ o % y ■ ? & v . V**' r --' 

• mately 1 1 4 ,.sacks of cement'. Mix the cgncrete thoroug’h.ly and acj^fthe ,, 
# right amount ob.water 20-25 fiterf ger%0 k,g f 'Sack bfafeement. Opce the, 
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Photo-Erik Bentzen 


Bottom slab for the Improved Mud Brick Silo is wade essentially the same way as " 

floor slab for cement stave silo. ' - , ' » > . 

k ' , . 1 - ' 
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water has been added to the mixture, pourthe concrete with as little de- 
laytas is possible, preferably in less'than one hour. When the mixture is 

> .•> j. v • ‘ °:o .■ . ■ » ...-a ^ . . • 

ready to pour, wet the paper or sand in the formwork. Pour and, tamp a 
n layeP-3--4 cm thick before placing the, rerod pattern. ( Be sure and mark ’ 
> on the formwork the position of the thrJ^straigh^'rero'ds in the slab:. 
Once the siaiys to be placed o,.n the pillars, the rerod positions will be 
important. Cover the rerod pattern with a 4-5 crrfjayer of concrete (to 
obtain a total of 8 cm),and- tamp well.' If the slab is not weH’tampecf, it 
risks cracking under the,maize's weight. Srpooth and level the-surface 
of ti^slab.Mt is very important to water the slab three times'a-day for 
seven days apd to let the“sl^tpcure in the shade. * •>* 


PLACING-TH£;StA0($ >. T;./":-.',./* ^ llliil 

Once the slab has been ^ate.re'i^nd'cured- for one week, it may; be 
placed on the pillars, (first, one the formwork around the 

slab. Make sure that-the slab has ^^^^ pBrked with the position of .the 

rerqd first. Next,,place tar paper^p^^^'25 x 35 cm on top of the three 

.•V r- « • '% ■ ; *» ..•j-' 1 ’ •••' ' - 4 " “ fcSb ? •’ 4 ' 

pillars. The-tar .paper serves as a moisture barrier between the pillars 
and, the slab *Orr the tar paper place a little rribrtar (1:6—8) with the same 
shape as the pillar and 1r-2cm thickness. Now the slab'can be placed 
on the pillars. It is importa'nfthat three of the terod position marks be 
piacedjn the center of each pillar so that the future weight of'the maize 
yVHI be evenly distributed among the pillars: Level the slab on theprllarsA 
by adding a little mortar, Qn one or two pilfers if if is necessary. tat 






MOUNTING THE WALLS : * V 

-1 < .. •" f , , .. . 

. After the slab is in- place and'the mortar has dried sdme. the w§lls can be’- 
mounted.. Trace a circle'of one meter in diameter on the slab. Place a 
- small -layer.of motar between the circle awd the outside of the slab. The 
mortar-may be either cement and sgpd (1:4) orxement, band, and mud- 
. , ; (1?:3?:‘3, 2'4:4, etc.:,depending’qn,conditions). The exaqt mixture de- 
/ pends on the fnikture-jn your bricks^nd the interaction of the cement, 
sand, and mud in that particular region. ' ; T-i 

, Commence placing the, bricks on the-mortar. Theftr inside face should 
fall op the one meter diameterifoe traced on the slab. Leave space bet- 

•J. • ' '• *' Ji a • 
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ween the tpricks for mprtar to b'e placed?in thefirstla^erof 19 bricks, the 
plastic emptying hole should be placed in Between two'bfidks. BE^sphe^ 
and leave enough space to aljow the Gap to easily screw on and off. The 
bpcks for the second, layer should brplacecLon a smalMayerof-rnortar 
applied to the top of the first layer. Stagger^ bricks so the center of 
thejisecond layerbricks falls over the joint between.two first layer bricks. 
This will^ivestreng'htto the walkand avok^crackS in the jdihts from go¬ 
ing all the"way up the wall.' To place the bricks of the second layer over 
the plastic emptying hole demarfeds putting-three little piec'es of rerod 
over the hole. The rerod act‘s,as a support fqr.the bricks and helps ke,ep 
them level and even. After the Second.layer the walLis mounted in the t 
■same fashion up tp two meters from'the bottofn slab. This will give ap-- 
proximately one metric ton of sto'rage. The wall needs 17 layers of bricks 
vyhiGh, when combined with the mortar joints, makes'appro-xiijiately 
two meters of wall, ff it is'deemdd necessary, arerpd apparatfrs^cotffd be 
placed jn the wall when ft is constructed so that the emptying hole could > 
be locked afterwards to protect the silo against theft. There are several 
different ways to make a lockfng devicesT.wo,rerod hooks might be ! de- 
placed in the mortanjoints on either side of the dplastic emptying hole 
plug. A third bar can be attached to gne pf the-hooks-so it hinges ovei* 
the,plastic plug and can he locked to the second hpok.-A, pjate that 
hinges and covers' the entire ptastic plug could also 1 " be used. iytpt e 
"■elaborate devices-co„uld be-made, depending upon imagination and 
^possibilities of materials. ' T*" 


PLASTERING , ■ ‘ v 

s Tlne plastering of the silo can be done,before or after placing the tOp 
slab but It is much easier if it'is donebefore. The,inside andthe'outside 
walls are plastered with 1 a mixture of cement and sand (It 4) or yyjth ce¬ 
ment, sand,"and mud (1: 3:3, V. 4:4, etc. according to "conditions). Jhe 
inside wall may be completely plastered or just the joints, according to 

conditions of humidity in the region. - > .. . ’ - . 

v->/•.:: - ■ ...ov* 

• •• ** j, , ’;• .' .k.-v.-'vBf i, V . t '■ '• 

top slab . ’. '. > * ffif 

The top slab can be madfe in a for«work^on44jfe^Te^d a^is thebottom 
1 slab. The slab has a hole 50 cmjnlj^me&r fn tRenter whiqln serves ^s 



The watering and curing of the’top slab anefxbVer slab are 'the^arne as.^- = 

f for the bottom slab’ and pillar bricks. One,should water the slab 3 times,, 

a day for at least 7 days if ngt for^O clays. This is because the top slab 

m,uslbe lifted,to the top of the silo j and also must support the weight of a 17 

man when he wants to enter into the silo”. No qTie wants thg slab to bt;ea*k l 

. and hurt some oner” \» •>. R* «v ’ ■'.*>%' . ." 

When the slab is cured, it maybe pution the silo wall. Place a'small layer. * 

, ^ 1 Tp , O ° V V 

or mortar on the top of the wafl and-lift the slab into place. Center it well,- 0 

on the wall and then mortar in.) the remaining space inside and outside \\ 

between the wall and theslab. One might also bet a layer of mortar five 

to sevemcentfmeters wide around the filling hole. This will put the little 

. * i ^ a ‘j ■ ■ '& : 

covdr slab up off the top slab Ihd help prev£nt%ny' chance water from 
rupninglnto the silo. The lifting..of the slab'into place will take atleast six., 
strong men and some.caution.' 'y • . / y' • 
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PAINTING THE-.SILO,/ *R * -,R | ’ . -gAIr' 

f After the silo has dried for |a/o, weeks, tfemay be painted. This painting 
.will render \he silo more air,apd water tight. three.systems arp possible. 
.The silo may be painted with whitewash on the exterior. If. there is/nuch 
rain in,the area during a forage period, it might be fainted, externally -a 
, wjth coal tar. This-'might'^ossibly, though - no,t, for sure? cause'problems^ 
of heating’and cp^ling’of the inside silo c air. One possible optiorf is to R 
paint the. inside of the sito with cdaltar. and parhf the putsidf with v 
whitewash. The 'coal tar will protect*ac[ains.frthe entry of humidity while 
’the whitewash^ makes-’the silo, cboler and prettier. • 1 ;■ y,y * 

I ; R '.yyRV. ; , : i 

The-mud silo ne eds prdte c.|ion against rain. A simple and inexpensive 
■ method of protection is to construct a thatch cone fn.lhe shape of anJn- 
“ vertedl'V” and put it oh the'stlo. If,the cone hangs over and down a 
ways, it will also help protect againstthe s'un’s rays. Of course, a big roof 
to protect the entire silo could-always^be built but is not a necessity. 


FILLING AND TREATING THE SILO- , ; , ; E ''M-U 

Once the silo is painted, dry, and has a roof, corn.can be put in the silo by 
way of the filling hole in the top slab. Fill ttTe'Sijo but do not tamp the 


i mm 


^ •' ;• •' • y 




lliHH 
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The watering and curing of the'to'p slab an hoover slab are'the^same as 3 i 
* for the bottom slab” and pillar bricks. One,, should w^fer the slab 3 times,, 
a day for at least 7 days.if m?t ford.O Bays. This’is bepause the top slab , 
musbbe liftedTo the top of the silo and also must support the weight of a 
man when he wants to enter into the.silo. No obe wants thg slab to bpea-k | 
. arid hurt some oner” ’*•> ‘ 3 -j^y „ *> 

When the stab' is cured, if maybe pubon the silo wall. Place a small layer 
% or mortar 0 on the top of the wad andlift the slab into place. Center it well, 
on the wall and then mortar injthe remaining space inside and outside 
‘ ' between the wall and the.slab One might also bet a layer of mortar five 
to severb'centTmeters wide around the filling hole. This will put the little 
covdr slab up off .the top slab &ftd help prev^nt’any 1 chance water from 
rupning into the silo. The liftigg.of the slabinto place will take atleast six, 
strong men and somecCautipn.' T ... ■■■ 


PAINTING THE'GILO / ^ ./ ' . ' .; " .,J|. 

fAfter the silo has dried for |frd. weeks, tfemay be painted. This painting 
.will render \he silo more ainand water tight,three-systems ar§ possible. 
.The silo may be painted with whitewash on thbextenor. If there isjeuch 
rain in.the area during a’Storage period, it might be ^afijied,e^BeVnsf^'. 
,wjth coal far. This^migbfppssibly, though nojtfpr sure? cause problems- 
of heating and cp^ling of the-inside silo'air. One possible optiof is to 
paint the. inside of the silo with cdal tapand parhbthe putsidf* with 
whitewash. The 'coal tar will protect^ainst-the entry of humidity while 
We whitewash makes-We silo, cboler and prettier. ’ ; 4 1 y,:r - 

o . * ‘ < . 5 


SlbO' lROdF .*><’ *" * T* ’ T -A. , 

The-Tnud silo needs- protean o n against rain. A simple and inexpensive 
• method of protection is to construct a thatch cone tn<the shape dfanTrh 
“ vert’ebf'V” and put it oil the’sflo. lithe cone: hangs overand down a 
ways, it will also help protect against the sun’srays. Of course, a big roof 
to protect the entire silo could-always, be built but is not a necessity. 
«i .... .... v • mim vm jasEWfa®* 

o /. . / .... ; • • ,y . , ’ ■ 

FILLING AND TREATING THE SILO' ;j. , r; 

Once the silo is painted, dry, and has a roof, corn can be putIn t.hesilq by 
way of the filling hole in the top slab. Fill tbe'Silb but do 1 not tamp'the 

‘ f:.:'; : f ; h Ty ; .; • - ' - ■ ..' f? if' V f'M 

■ 1 t 1 : A'.■'i: 11 ; v.\ |A:;.r 

: f T - ■ fP ijpf |o|| 

. ■ •. ' - ■■ ..... ; • ' . ’. : V ’ ” !'!■/! '' ' . ' ’ \ • -i ' 
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IMPROVED MUD BRICK SILO * ^ : 

REROD PATTERN - BOTTOM SLAB , 

Pillars: - Holes - 50 cm 0 

Depth: 50 cm .* , , v : 

Foundation: 10 cm thickness • 

2 bricks per pillar ' 

A = 3 M 60 ^ ’ 

B = IM 30 x 3 = 3 M 90 ? --—-— 

TOTAL = 7 M 50 rerod v’-' . * 

v 

grain as excess pressure could cause the wall to crack. The silo is tight 
enough to be treated with fumigafits. Put the fupiigant in, seal the cover 
slab with mortar or mud and place the roof. If there werelnsects att,he 
time of treatment, control the silo-Tp one and a half to two months’? time 
to see if a retreatment is warranted. Make sure the emptying hole is 
locked so no one steals your grain! 















IMPROVED MUD BRICK SILO “ l V 

REROD PATTERN TOP SLAB 

B . , - IM 20 x 3 = 3M60 ° • 

TOTAL = 7M20 rerod ' - - l r '.. ’_Z±z_z 

Grand Total - = 14M70 re rod • " ■ ■ ■ 


needed for 
14.70 m Rerod for doth slabs 


HOW TO USE YOUR IMPROVED MUD BRICK SILO i ° ■* 

- Put only celan, dry grain into yioursilo. .. 

--Wet grain will rot in the closeci silo. It will’get moldy. “ ^ ! 

- Wet grain will make the-silo wet. The silo walls will crack if they get 

wet Your grain will be mo good. ‘ ; : T'*V / / ^ 















V 


: 


1. Coal-tarred Modified Ghana^Mudbrick Silo with Mat to Protect Against the Sun : s Rays 

2. White-washed Modified Ghana Mud Silo with Mat to Protect Against the Sun's Rays. 

3. Experimental Mud and Screen Wire Silo Resembling OricjTifl'al Ghana Mud Silo.; -■ ■ 


RVv, f 
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Dry your grai'n in the sun. \ „ f 

Keep the grain in the sun or'in the dryer until it is dry. ; »•> '■ 

Test the grain when you think it is’dry. Put one grain between your . 
teeth. Dry grain is very hard to break with your teeth'. 

Remember, if storing maize - put"kernels into the silo right after you 

•' s>. \ „ 

remove them from the cobs. DB not let m^ize stay on the cobs after 

you. rempve the cobs from the drying .place. , 

When the grain is dry, take the cover off the manhole. Put the grain " 

into the silo right away. Fill the-silo to the top. 31 « * 

Stir the, grain in the silo with a large stick. This helps fhe grains settle. ’ 

It is good to add an insect poison to’the-grain before you close the 

silo. Inserts are always present in grain. Insect larvae live c 1 nside the 

kernels where they can not be seen. Talk to your extension worker", 

* 

about what poison to use and how to use it. 

Remember-, poisons can kill animals and'peoole. Do not use them be¬ 
fore you talk to an extension worker. •> ' '' 1 * 

Rut the cover on the manhole as soon as possible. Flying insects can 
enter the grain if the cover/is not on the manhole. 

Put mud all aro>und the cover so nothing can get into any cracks bet- ■ 
ween the cover and the manhole, • 

Make sure the Plastic pipe cap oioses tightly. 

Make sure there are no cra.cks around the plastic pipe caps 1, . . 

o ’ * v 

Keep the area around the silo clean. Rats do not like to live where it is 
clean. * ' • , r ^ * - ■ 

. Check your silo often. Put n^w piaster on pnyGfacks you find. It is im- 5 „ 
portant to find fhe cracks and put olaster.o'n fnem right away. . r - 
Keep the silo while The white cojdr'keepkthe^sijo poof Put on new . , 
.whitewash! when the silo needs it. < ' 1 .- 

•You may have to use the plastic pipe to takeout s.njalParjhoun’ts of 
grain to sell or eat. Make sure.you elope the cap carefully'. Do not 
.leave it open. If theft is a probjerrf, threap cambeHocked and grain. v- 
removed'from the top of the silo. . * ‘ .' 

° , v • .. ^ , J* 

Do not leave grainsseatfared on the ground.-These grains wiH attract*,-#.* 
insects andVats. ' • , ■ ... ' * 

- When you empty the silo, make sure all the grain is out. Grain left in an"; "« m 
empty silo will attract insects and rodehfs. ’ > , '*■ 


1.13'V 


y;**, y 
> / 




- Clean.the silo well before you fill it again. You pan ■fell rh a small fire, 
made of grass inside the silo. This kind of fire makes a lot of smoke. 
The smoke and heat from the fire kill insects and insect eggs.' 

- Sweep out the ashes, and old grata-. • 

- When your silo is clean and repaired, you are>ready to put the ne’xt 
crop of grain into the silo. 


CLOSED STORAGE - (Continved) SYSTEMS, 

(with Supplementary information on construction of 2.5 T. Cement 

Stave Silo) »• ; " / * 

MODEL 3 - THE 4,5 TON CEMENT STAVE SILO ' - J J 

- - ' , ' ' 

The construction of farmland village-level cement silos on pillars with '■ 

capacities currently-ranging from 2 to 4.5„tons provides a means of stor- - 
ing maize and other grains for up td two years With rr|i firm alio ssesf. It 

- Y* *. " . i * * 

should be recognized, hpwever. that these units require more care-tin. . 
drying and insecticide treatment than traditional*methods. The.f.5 ton 
mode] is-considered the optimum-size because units,of smallercapaity' • 
are less economical to build. Experience has shown that the Cement ‘ 
Stave Silo will work justeas well in drier areas .as in humid ones. The only- 

limiting factor is one of economic feasibility.■ • 

The silo was developed and field tested over the past seyen years in Be¬ 
nin, West Africa, by Government-Agricultural' Extension Agents ]n 
cooperation wittyl) S*-Eeaq.e Corps Vof-untee’rs. Since the program first v -‘ 

began, o'ver 350 of these silos have been' bui(,t J an*d successfully used. _ 

* , 

ADVANTAGES , ; , r < v , 

- Stores-large amounts of grain. \ • 4* 

- Gives good insect control when insecticide is added to the grain to 

- ) * Cl TK , 

kill insects already in the grain. '" ... ..--A 

- Offers good protection for the grain from rodents. * » “ fc - 

- Is less expensive than a rqetal silo of. similar capacity and is more dur¬ 
able. ' '• , 
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DISADVANTAGES. ' . , ' y . , , . 

» ^ a >. . > 

• - Has "to be projected from rain or ft,does not provide good moisture 
• control. ■ • ' • , . - 

— Uses material sard equipment which make it more expensive to build 

' i > < 3 ,■ 

. than .the mudblocksilo.' ^ 


THE SITE • . ^ •, ..—••• 

- Build thd s,ilo’o‘n high,'welt-dYaded ground.,-Do rrot build the silo 
wherg it*will be irMhepath water from flooding or heavy rains. 

- Test the ground to'see if it Will’support th£ silo! Ybu should build this 

V siio on'hard-pap, 'ro,ck, or stable soil. 1 ’ . , 

Dig a small bole, abQ’uf'65 cm 'deep. If’ you do not reach hard-packed 
•earth or rock, try another location, if possible. If there is no other loca- 
tdn'availqble, an& you are in doubt about whether the earth is hard 
enough/-special precautions should be taken. 

-* Locate the silo'so'th'atft is-leveT-Jf-a dfyer^for example, the Pit Oil Bar- 
- ret Phyer, is being built on'ihd same site,"the location must be chosen 
sb that the front of the dryef is facing the oncoming winds duringdhe 
.time'of'year,you will be drying.' -, 

t ^ * m aP -f * 

. THE SHEETER: (see*figu£&H . • 'j 

_ Before ccnstrtrbtioQ Of the silo and dryer is begun, a straw or tin roofed 
■ shelter should be built. This provides protection from rain apd sunlight 
for'the sid.-and dryer as well as'better working conditions during con- 

• struction. Compfeti.bn of the shelterjassures that the units will be ready 

, for use as soon as the corn is ready, and can also give an idea of the in¬ 
terest of the owner in - tfte project. ---- 

Exit 3-4.5 T‘si-la- fbo;sheltorci+mensK>ns are 8.00—10.GO meters by 4.00 ~ 

^meters/ height to cross pieces, 2^.50 meters. The height from the cross,* 
pieces to the roof beam is 1.50 m for the 4.5 T and 2.5 T hangah (f For a 2.5 
’T sjlo. a length of 8'.00 meters-with the same width arid height as the 
hqngar for the 4.5 T silo is necessary. 

• Placement of support'posts for'the roof beam in the center of the shelter, 
is determined by the location of the silo-and dryer hole. 

The type of roof for the shelter will depend on the economic capabilities 
of the owner. A thatch roof can afw'aysbe replaced by a tin one after the 
unit has .had several years to pay for itself. „ T 







MATERIALS: (see table 1) 

Cement should be stored on log supports or plastic, since it will harden 
if placed directly on the ground. If lumps are present and cannot be 
broken easily, they should be discarded and the quantity of cement in¬ 
creased by 1 4 to V 3 . ' 

Road.sand can be used if it is .clean and does nqt have too much clay 
content. , „ 

GraveTshould be smaller than V 3 the thickness of'the slab it is used i-n. It 
should be washed if mixed with dirt or.other impuriti es. 

—■- — - ~— — . ■ - - 5 ® — ~r r -— 4 -—■ * 

Water should be free of dirt, oil, and chemicalsTWrrch weaken cement. 
If stored in barrels, they should be washed thoroughly beforehand. 


MIXING: should be done on cement or, swept, packed earth. Gare 
should be taken not to scrape dirt into-the mixture. On dirt, all mixtures 
should be made on the same spot since the spot will harden after the 
first mixing. 

Excess'water causes separation of cement from the mixture when it is 
tamped, and thus weakens it. 20-25 liters of water for each 50 kg sack 
of cement is about right for all mixes. 


1 



i ■ ■ - . • ;.w .■ * 3* . 

’‘A j • • ' ■■ vf • 

■ ’ O ; '°:V / * - /« ‘ , • ■ ■ 

^ '73 * / ■' 4 • ^ • 

y' '• * .. ..^ .1 ' ; ' ' • ' ' y' 

Aftej making brieks.and slabs, the strength of cement is increased.by 
watering it 3 times a'day for 7*days ana drying in the shade: If this is 
not dcjne the silo will not ; $upport the pressure of the stored corn. > 
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MIXTURE PROPORTIONS: 

mortar for staves 
mortar for plastering, 
i pillar bricks and. joints 
- concrete for slabs/lintels 


1 part cement — 4 parts sand (1:4) 
1 part cement - 6-8 parts sand 

(1:6—8) .j 

1 part cement - 2 parts sand - 
3 parts gravel (1:2:3) 


TABLE It CONSTRUGTIPN MATERIALS 

'A) TOTAL MATERIALS NECESSARY 


«Materials 


Sfao 4.5 tons . 


Silo 2.5 tons 


Ceritent 


^_Qg-rod (0 6 mm / g ■ ' - v 8^a 

.Galvanized \tfrre*(& 3 mmj 1 ro 

Wire tighteners i* ^ 10 

Goal tar * / 15 I 

Tar pap^r - ? /. •• Irrv 

Gravel ; : T .>" •*- 0.6 i 

, / /\ ; T " (3 bai 

Sand . ' f ■ \ ■ y ' 2 m : 

Emptying Hole Plug 1 

VVirascreening> •••■■'V.-W;.. 

Barrels.(200. I)- : :»' 

o ' ; >; ‘ ,v , • • - ^ ‘■’* * - v . •/. 

’..<200 I barrels (5’barrel fu Is = 1m 3 ) : ; 


12 sacks (50 kg) 
'^6-bars :T 


(6 m long) 
1 roll (4 kg) 


0.6 

(3 barrelfuls)* 
' 2 m 3 ° * 


-9 sacks’ 

_4 b ars _ . 

7 6.5.roll 

10. '-. 

-'j ■ ; /- ; 

1 m 2 s ' ■■ V 

b.4 m 3 . - 

(2 barrelfuls ; . ■ . ,: 
’ '1.5 m 3 


' 1 • r , V > 











CONSTRUCTION OF 4.5 T CAPACITY CEMENT STAVE SILO ' * 

ON PILLARS (see fig. 2): V, , , V » , , ' v. * , 

The 4.5 T. silo is the basic unit used ih gr^in storage in sout'hern«Benin 
because units of smaller capacity are considered less economical. The 


interior diameter is 2.0 meters'. Tti^interjor height is 2.0 meters, giving a 
volume of 6.3 cubic meters. Total height from ground, level is 2.5 meters 
ahd diameter of the floor slab'is 2.2 meters;" o 

. > jrt ' t 

CEMENT STAVE SILO - PERSPECTIVE VIEW - (Fig. 2) ... ^ 


touves / Staves 


Cover slab 9 
Chape 


,4/oji41c / Poyjnee 


r r^\ ^ 

\ CoUvercle de t/wd’horwne ■ j 
V nannoic cover y 


Wire tlghtcjitfrs 

a .i V S N 


jfcies/ Wi ras 


Fioor ± 1*1 
Dalle de base 



Plaster 1113 yl 
Platrage 1 ^ 



f-ptylnj hol«| / Bouchonde 
troupe 
vidage 


>nt1-theft. ‘ 
device 

Dispositif anthyol 


* ! Pillars • 







TABLE i: GOr^STRUCJIQNateriajs i 

B) .use Of materials , 


Operation 


Material 


Silo 2.5J 


^ 4 sacks 

* 

50 cm.\ ' 
0.75 sack 
1 1 0.75 sack 
V 6,l m 3 ’ 
(0.5 barrelful) 

1.5 sack v■ " 

■ 

0.2 m 3 • 

(0.75 barrelful) 
2 bars 
0,5 roll 


Cement 

Re-rod 6 mrp 0 
Cement 

i 

Cement 

o ^ ■ 

Gravels 


5 sacks 
50 cm 
1 

■ 1 sack 
0.1 m 3, : T- 
(0,5'barrelful) 
2 sacks 
0.2 m 3 
(1 barrelful) 

* 4 bars* 6 m 
1 roll L ' 


Pillar Bricks « 
Mounting pillars 


Floor slab 


Cement 

Gravel 


Re-rod. 6 ram 0) 
Galvanized-wire 


•> Silo walk . " 

9 N» 

- .> Mounting- piaster 
ing, painting 


Wke tighteners 
Cement 
Coaltar , 
Re-rod 6 rW 0 
Emptying hole 
plug , 

Barrel end. , 
Cement 
G ravel 


Anti-theft ’device 


fcover slab - 
(with filling 
hole cover*) 


1.5 s§ick 

<;b.2m 3 ' 

barrelful). 
2 bar,s • 


„ 2 sacks 
0.2 m 3 

(•l\arM!b0 . 

4 bars 6 m ■ 
0.3 sack 
O'.l rh 3 . 

(0.5 barrelfut) — 
^ bar 6 mm 0 

; rrr w 


Re-rod 6 mm 0 
Cement 

Gtavel - *v 


Dryer lintels 


STAVES, v . ^ T 

Fof the silo-wall, .91 large staves and 26 small ones are rhsce^sary. Five, 
extra large staves should be mode rn case of breakgage. They are mpde ,. ’ o 
witha 1:4 mixture of cetnent t6 sahck 4.5to 5packages of cemenfwifl be- 
required. The staves are made using special molds shown in hgur;^ 3 
which produce staves 5 cm-thick, with bevelled edges.,, , T .' ' •<# '• 
























The staves should be.tampie$ well, with a-bottle, for exaiyiple, and care 
should be taken so that-the,.cement is not so wet that yvate^runs oubof 
the mold or the stavesTslump.' •>’-* •••' •**-. : T ’ »’.. b 

'One large stavfe should, be made.vtfTtM^a,hole (T2 cm in diameter) jn it-for : ’■ 

„ tl> , o • f ‘ "• ■ 

insertion of'the emptying plug, centered^ 10 cfn from?the end.'ort'he 
stave This hole should be reinforced with a ring of,6 mm re-rod'(S<T'tm ; -' l 
long) in the stave around the hole and by tamping well. The staves Wiil, 

require 5 packs of cement Water the staves 3-times plrday for 7 days 
and dry in the-shade. O .. ’ • ‘ a \ v ~ 


Figure 3 - Forms for the.Staves > 
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3. Interior Dimensions of the Mplcjs 


Slab 

Dfampter 

" '' 1,5(0 r 

, Large 

neters. 

• Small 

' 2,00 r 

• 

Large 

neters 

, Small 

aLenc^h . A 

50,0 cm 

25,0 cm- 

50,0, cm 

25,0 em 

Widths bi 

•’ • bs 

21,4 cm 

22,8 cm 

21,4 cm 

22,8 cm 

24,0 cm 

25,2 cm 

24,0 -cm 

25,2 cm 

Thickness C 

1 rj 

5,0 cm 

5,0 cm 

5,0 cm. 

. 5,0 cm 


PILLAR BRICKS ' • 

24bricks' are needed to build 4 pillars of airbricks each. The bricks can 
bemadefroma 1:2:3 concrete mix or a 1: 4—6 mortar mix, according to_ 
the quality of the sand and cement: Molds of 14 x 20 x 30 cm,will give 
bricks which will provide 30 x 30 cm pillars. Also, regular cement bjg 
used in houses can be used if they are the tight size or if they canj 


to fit and if they are strong. 

the staves. 


land water the pillar bricfks the s 1 : 



BUILDING THE PILLARS (see fig. 4) 

Trace a circle of 110 cm radius onfthe ground. This will be the circum¬ 
ference of the bottom slab of the slo. Next, using the same center, trace 
a circle of 85 cm radius and divide it in thirds. These three points and the 
center point of the circle will be the centers of the pillars. Around each 
of the four points trace a circle o1^30 cm radius, and dig a holfe 50 cm 
deep. (To know how to divide the circle in third,,see “re-rpd armature” 

V--). _ 

Pour a concrete foundation (1:2: 3) 12 cm thick.in each hole. It should 
be tamped,and levelled. Next the pillars should be built using three 
layers of two bricks each. The vertical mortar joint between the two 
bricks forming each layer of the pillars should be criss-crossed perpen- 
dicularto the proceeding layer. Th.e 4 pillars should be levelled carefully 
to provide even weight distribution;fo r the slab. One half barrelful of 
gravel and ,1, sack of cement are required for making the pillar founda¬ 
tions and mounting the pillars. 

S i * 
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SLAB -X . 

slab has a diameter of 2.20 m and is 10 cm thick. It is,reinforced 

t s J' . i 

m'of.re-rod (O 6 mm). The T: 2:3.concret;q mixture require^ 2 








Table i: CONSTRUCTION Materials 

C) LABOR REQUIREMENTS 

S|LO - Staves ' ' 3 .man-days 

- Pillar bricks \ 1 man-day 

-/Mountingpillars 1*. .man-day ' 

- Floor Slab 1 man-day 

f - Mounting silo wall - 0.5 man-day 

- Plastering f 1 man-day 

- cover slab 1 .man-day 


For the form work, 29 large staves (3 more than for the silo wall) ard 
placed temporarily around the outside of the pillars in a circle of 111 cm 
radius. The staves are-held in place with two wires with tighteners !^i&h 
later Will be used for the walls. The,round formwork is filled with dirt or 
sand to the level of the pillars, dampened and tamped. The location of 
fhe outside corner of the pill-ars should be marked on the formwork to 
aid in later placement of the're-rod armature. The, inner face of the 
staves is lined with paper, plastic ormasohite to prevent sticking when 
the staves are later removed. The thickness of the slab can be marked 
on the formwork also, far paper or plastic must be placed over the pil¬ 
lars as a permanent moisture barrier. 

RE-ROD ARMATURE (see fig. 5) 

The re-rod armature requires four bars 6 m long- 6 mrn %. To make the 
armature pattern, first draw a circle on the^round with a radius of 1.05 
m. Divide the circumference into three equal parts by choosing a point 
on the circumference and with the radiys (1.05 m) mark.off two points 
on the circumference, one on each s'iHe.^ the chosen poi'nt. From each 
of these two points once again mark off another point with the radius 
(1.05 m). These last two points,'with the inital chosen point divide the 
circumference into three equal sections. From each of the. 3 tri-section 
points draw an arc crossing through the circumference with'a radius 
150 cm. 

■ * , 

The bar which forms the circumference is 6.60 m long requiring one 6 m 

bar and a one meter piecawhich will"be attached with 10<cm hooks bent 
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at the ends of each of the two bars. The 3 arcs require pieces 2.80.m 
long. The three straight bars which intersect at the center of the slab are 
,230 cm long. To cut the bars without unnecessary wantage of materials, 
carefully cuj'dh'e bars intqy^ie following sized pieces: • - 

- Isf’ibar 6 m not cult (fpr.outer circle) T . ' - 

- 2nd bar 6 m 230 f 230 • 100 + 40 . .• . ' - ‘ \ 

- 3r j d bar 6'm 2£0 V 280 + 40 - . , 

- 4th bar 6 m 280~f 230 + 40 4- .(50 cm for bouchon circle) 4 

Bend the three 280 pieces to follow thfe 3 arcs. Band 10 cm hopks at the 
ends of each piece. Also. b6nd|10 cm, hooks at the ends of the three 
230 cm pieces andplace them straight across the diameterof the circle 
each passing through ..the, center and one of the three intersection 
points of the^three arcs. With fine wire, attach all hooks and intersecting 
points of the re-rod armature. Before pouring the cement for the slab, i.t 

'~TS^ ffipo rtant to place the armature^n the formwork to assure that ft fits 
and th%t the arc intersection .points cross over the pillars. 

The concrete should tpe mixed so that it can be worked easily but does 
^not flow. Thejmur)p--n/the formwork should be wetted thoroughly be- 
fete- cement. 4 cm of concrete should be poured and 

tarnpejd befof^^aibfn^hb^armat* fe. mafotidg_sure to align it with th^ 
marks indicating the pillars. Cover tjje arm^j^jg^p 6 cm layer of coh¬ 
ered for total of '10 cm and tamp well. If the ^jg£js.not' ( Well tamped it 
will not support the weight of the silo and scored corn. Finally, smooth 
the surface^and level. If the surface is-not well levelled it will cause prob¬ 
lems later in mounting the wall. It is extremely important to water the 
dalle 3 times per day for 7 days and dry.in>the shade. 

\ f 

Mounting the wall ' - * > * 

^~he bottom slab should be - allowed to dry at least a week before mount-, 
ing the wall. In addition to the 91 lar*ge staves and 26small ones, 1 roll of 
. 3 mm galvanized 1 wire (4 kg) and 10 wire tighteners are needed. 
Trace a circle of 100 erh radius from the center on the slab.. The first 
layer consists of 13 large an'd 13 small staves alternately placed around 
the circle with the smaller faces inside. A thin layqr of 1:6 mortar may be 
placed under the ^staves for proper seating. The large stave with the 
emptying hole must be placed in the bottom layer with the hole towards 
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FIGURE 5 Reinforcing rod pattern - 4.5 ton silo 








the bottom of the silo; This stave should be placed to facilitate ejnptying 
of the silo (i. e- not next to the dryer chimney). No rrrortar is placed bet¬ 
ween the staves. At each 25 cm of height a retaining yj'we is placed and 
tightened. For the bottom 25 cm. 2 wires shoul<^fe£ placed 8 cm from 
the top and the bottom of the small staves, (one above and one below 
the emptying hole). The tighteners should be placed only on the bottom 
of the large stavellpLnd when tightened should be centered on them. 

V.'£* <?4 "> 

Each successive layer is made by placing 13 large bricks in the gaps un¬ 
til a height pf 2.00 m (ft large staves vertically) is reached. The final layer 
is completed by placing 13 small staves in the remaining gaps, held in 
place by 2 wires 8 cm from the top and the bottem of the small staves 


COVER SLAB (see fig. 6) 

The cover slab is like the flogr slab except that it must have a filling hole. 
It should be 8 cm thickTind 2.20 m in diameter. The 1; 2; 3 concrete mix¬ 
ture uses 2 sacks of cement, 1 barrelful of gravel. 4 bars of re-rod (0 
6 mm) are necessary. 

The formwork is made by covering the top of the wall completely.with 
boards and placing an upright collar of masonite held in place with nails 
3 cm outside of the limits of the walls. If the boards are not strong 
enough to support the weight of a man without sagging, they should be, 
braced from the inside. Paper or plastic should be placed completely 
covering the boards inside the masonite circle to prevent the concrete 
from sticking to the boards. 

The man hole (for&ptry and filling) formwork should be 20 cm inside the 
masonite circle.' IrShould be a 50 cm diameter circle made with maso¬ 
nite held in place with nails or an inverted basket. 

The reinforcing armature it the same as for the^floor slab except that 
/ space most be leftforthe man hole. Testthe re-rod armature forfit in the 
formwork before pouring concrete. A 4 cm layer of concrete should be 
poured and tamped before placing the armature. After completing the 
pouring, the slab should be Ramped and smoothed out with a slight 
slope away from the entry hole. 

A cover 6 cm thick and 10 cm largerthan the man hole can be made with 
the concrete which is left over. The formwork can be a masonite strip.or 
a hole lined with paper. A small re-god armature should be placed in the 
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Mounting the wall: In addition to 91 large staves and 26 small ones, one roll of 
3 mm galvanized wire (4 kg) and TO wire tighteners are needed. 



4 












middle to anchpPa" handle (see diagram). Curing and drying of the top 
slab are the same as for the bottom slab except that extra care should be 
taken to assure th'at the Slab is dry before removing the formwaj^fat 
least 10‘days). I(*is easiest to remove the boards through the use of le¬ 
vers. Care must be taken not to exert pressure on the strip between the 
entry hole and outer wall as this is the weakest point of the slab. 
After taking out the boards for the formwork, the space between the 
cover slab and the upper walls should be closed with a rich'mortar. Fi¬ 
nally. a ring of mortar should be placed around the man hole, covered 
with paper, and the coverse^^d on it. This will provide a raised horizon¬ 
tal joint to prevent the entrance of water aroun^jthe hole. 


. % 

EMPTYING HOLE PLUG AND ANTI-.THE FT SYSTEM: 

The plastic plug can be mortared into place, taking care that it is not 
placed so far into the wall to prevent unscrewing it. Anti-theft devide 
(see fig. 1) with three 40 cm pieces of re-rod remaininq from the bot- 
tom and top slab armatures, two hinges and one clasp will be made for 
the anti theft devide. Bend each piece into a “U", the hinges with 5 cm 
between the legs of the ' U" and the clasp with 3 cm. With the 5 cm 
hinges bend the legs perpendicular to the "U” 5 cm from the bottom of 
the "U". With the 3'cm clasp, bend,,each of the two legs in opposite di¬ 
rections. parallel to the "U ”, 5 cm from the.bottom of the “U". With the 
3 cm clasp, bend each of the two legs in opposite directions, parallel to 
the "U ". 5 cm from the bottom of the “U". Next^ with the bottom re¬ 
moved frorn one of the dryer barrels, cut a pj.ece 20 cm wide and 25 cm 
long. Pierce two holes ©n one of the 20 cm sides 2 cm ip from the^Jjde 
and 4 om from each end. ©ne hinge will pass-through each of these, 
holes. Next cat a slot 5 cm long and 1.5 cm wideObentered on the other 
20 cm side of the metal plate, 3 cm in from the edge. Slip the endslbf the 
bottom hinge under the first wire on one side OKfhe emptying hole and 
the top hinge under the second w-jre on the same side. Next hook the 
two legs of the clasp under the first and second wire on the other side of 
the emptying hole. Adjust the placement of the hinges and clasp so that 
the plate will swing easily and close over the clasp. 










Photo - Erik Bentzen 

To make cover slab (with filling hole) two concentric masonite forrps are held in’ 
place with nails atop wooden planks and filled with 8 cm concrete including re in 1 
forcing armature^ 


















The mortar applied to the exterior of the silo walls will secure the anit- 
theft assembly ip place. To assure tight sealing of the emptying'hole 
plug the plastering should be done carefully around it. 

PLASTERING % 

Can be done beforeor after the placement of the cover slab. The outside 
wails should be plastered 2 cm thick with a 1: 6-8 mortar mixture. The 
inside joints should be closed with a cement wash or plaster to keep 
grain from lodging in the joints and to decrease the permeability. One 
sack of cement is required for plastering and closing the interior joints. 

PAINTING ^ 

Before the silo can be used it should be allowed to.dry for at least one 
month. The permeability of the silo can be further decreased by the ap¬ 
plication of coalter. The painting should be done so that it covers the 
outside surfaces of the silo wall and the cover slab. The interior floor 
should be painted also. If painted; it should be allowed to dryfprat least 
two weeks before storing corn to prevent sticking. The plastering 
should be allowed to dry at least 2 weeks before painting with coaltar.’ 

CONSTRUCTION OF THE 2.5 T SILO (see fig. 8) 

Silos can be built with the same-basic design as the 4.5T silo by varying 
the height of the walls, by varying the diameter of the bottom slab (see 

table 2). ' . 

% s 

The 2.5T silo is of the same basic construction as the 4.5T silb with cer¬ 
tain modifications due to its smalter-size. Due to its smaller capacity, the 

2.5 T silo is primarily useful for farmers with smaller production 
capabilities especially where a cooperative dryer is available. Silos^ 
smaller than 2.5 T become less economical. This 2.5 T silo has an in¬ 
terior diameter of 1.50 m and an interior height of 2 m giving a volume of 

3.5 cubic meters. 
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i~ - , Photo - Erik Bentzen 

Outside walls should be plastered - with 2 cm thick mortar mixture. 



















TABLE II: SILO SIZES AND CAPACITIES 


Diameter 

Height 

Volume 

^Capacity 
iCornJ. . 

Number of 

Large 

staves 

Small 

150 m 

1.00 m 

1.77 rrv 

1325 Kg 

33 

22 

1.50 m 

1 25 m 

2.«21 m J 

1650 kg 

44 

22 

1 50 m 

1.50 m 

2.65 m 3 

, 200 kg 

55 

22 

1 50 m 

1.75 m 

3.09 m 3 

2325 Kg 

66 * 

22 

1 50 m 

*2.00 m 

„ 3.53 rn 3 

2650 kg 

7i s 


2 00 m 

1.00 m 

3.14 m 3 

2350 kg 

39 ; « 

^26 

2.00 m 

1.25 m 

3 V 93 m 3 

2950 kg 

52 

26 

2.00 m 

1.50 m 

4.71 m 3 

3625 kg 

■ 65 

26 

2.00 m 

1.75 m 

5.50 m 3 

4125 kg 

.78 , ' 

26 - 

2 00 m 

2.00 m 

6.28 m 3 

4600 kg 

^ 91 4 

26 


The total height of the silo from ground level is 2.50 m (same as 4.5 T) 


and the total diameter of the bottom slab is 1.70 m. 

The material requirements for this silo are given in Table 1. 

PILLARS . . 



The 2 5 T silo requires 3 pillars (18 pillar bricks 14 x 30 x 20). The holes^ 

a t?. 

for these pillars are centered on the trisection points of a circle of radius 
60 cm from the slab ce„nter. The pillars are mounted with the...ou:tside 
corners 81 cm from the slab center. " 

The.formwork for the floor slab'of the<2.5 T silo is built in the sdme way 
as for'the 4.5 T silo, placing the large staves upright, on a circle of radius 
86 cm. around the outside of the pillars. Twenty five large staves are re¬ 
quired to complete this circle . 


RE-ROD ARMATURE 







The patterns for the sfab reinforcing armatures are shown in figure 8. 

t.' ' " 

The armature requires 2 bars of re-rod used as follows: trdce a circle on 
the ground with radius 80 cm. Concentric with this circle trace a circle * 
of radius 45 cm. Tri-spet the 45 cm circle and pl-ace stakes at the trisec¬ 
tion points. One bar of re-rod is bpnt and cut to fit alongthe 80 cm outer 
circle and the other bar is cut into 3 pieces (each 2 m long). These 3 
pieces are bent in smooth curves so that each piece touches two of the 


stakes, and each end hooks around the cuter circle. The armature-for 
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the cover slab is the same except the inner circle has a radius of 35 cm 
to allow space for thaman hole, the 2.5T silo slab is poured in the same 
manner as the 4.5 T silo sLab with a thickness of TO cm, requiring i.5 
sack of cement. 

The silo wafl requires 77 large and 22 small staves which are made with 
smaller width molds whose dimensions are given in table 3. Four sacks 
of cement are needed for the stave fabrication. The wall is formed by 
placing 11 large and 11 small staves alternately on a circle of diameter 
1.50 m centered on the slab. 

INSTRUCTIONS FOR THE USE OF YOUR SILO 

If you want to be sure to have good quality storage of your harvest, it is 
■? ' , 
important to understand the proper way to use your silo and dryer. To 

use them correctly isn't difficult or complicated. It simply needs care 

and attention' at the right times. 

* 

*• • 

I. The Shelter • 

The silo and dryer must have a good roof over them to protect-them 
from the rain. Before you start construction, you must build a good, 
solid shelter. It is very important to frequently check the roof covering 
the silo and dryer to rfiake sure that thereare noholes in it which willlet 
rain water fall oh the silo or-dryer. Any holes should be repaired im- 

mediateiy since rainwater will, weaken the dryer wall,.and can seep 

through the silo causing the grain to rot. . 

II. The Silo 

1. After completion of the silo, it should be allowed to dry for^t leas! 
• one month before beginning storage. If the silo is painted with coal 

i tar, this should be done after letting the wall mortar dry for two 
weeks. In this case, you should wait at least two more weeks, for a to- 
taj drying time of one month, to allow the coal tar to dry on the silo 
floor to prevent grain from sticking to it. • 

2. During the entire time of storage, the silo filling and emptying holes 
should be wpll sealed. Each time you add grain to the silo, it should 
be carefully re-sealed. This can be done with cement mortar or ban¬ 
co. Banco is less expensive and easier to use. If the emptying hole 




* 


n / 

* 

does not seal tightly, it can be well sealed with melted candle wax or 
banco. 1 

3. Shortly before the beginning of storage each year, someone should 
get inside the silo to clean it and check for cracks in the walls. These 
can be easily seen because light will pass through even the smallest 
cracks. If any cracks are found, they should be carefully covered with 
a mixture of cement and water. 

4. The proper use of insecticide is essential for grain storage in your 
y silo. Even though the silo is completely closed and insects cannot 

/ enter to attack the stored grain, there will always be some insects in 
the grain at the time of filling. The insects not only destroy the grain 
by eating it but can cause conditions leading to rotting. This makes it 
necessary to properly employ insecticides to assure that all insects 
in the silo are dead. _ 

The two basic kinds of insecticides are 

1) those in powder form (contact insecticides) which are mixed 
evenly with the grain and 

2) the fumigant or gas form which is used only in closed containers 
like a well-sealed silo. 

(Liquid contact insecticides are not very practical for smallscale grain 
storage. They are difficult to apply evenly and since they are mixed with 
water, this increases the moisture content of the stored grain and can 
cause rotting if done improperly.) 

Powdered (contact) insecticides must be mixed very evenly with ev¬ 
ery sack or basket of grain emptied jnto_the silo’. This means that if 
powdered insecticides are used, each load of corn removed from the 
dryer must be treated individually. It is impossible to treat the grain 
with this type of insecticides^bnce the silo has been filled, without 
emptying it completely and treating during the refilling. 

It is very important to understand that there are insecticides which 
are safe to use on food which will be eaten by men or animals and 
thatthere are others which are to be used ONLY on plants like cot¬ 
ton which are NOT TO BE EATEN. Insecticides commonly used on 
cotton like 45-12, Endrine and HCH-are very strong and can cause 
v peopkg or animals to become sick or die if used on their-foods like 
'""'S^iz^or beans. For this-reason, it is very important to ask your agri- 


* & 
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cultural agent to help you select and apply insecticides whenever 
you use them. ^ 

It is very important to READ AND FOLLOW THE DIRECTIONS for any 

insecticides used. The exact recommended dosage should be^ap- 
plied. Less than.the recommended dosage will be ineffective and too 
much will not only"be wasteful and" expensive, BUT COULD BE 
DANGEROUS. NEVER use an insecticide you don’t know or that you 
haven't asked your agricultural agent about. 

The easiest and recommended insecticides to use in your silo is the 
\umigant or gaseous kind. Testing done by agricultural experts in Benih 
has found PHOSTOXIN to be one of the most convenient and effective 
forms of fumigant insecticides to use in your silo. This can be purcha- 
sedi?nly through your agricultural extension agent or a approved sales . 
agent. PHOSTOXIN is a very poisonous gas which kills the insects m the 
silo when they breathe it. It.is in^%mail tabf@t which turns into a poison¬ 
ous gas when'it is taken out of its specially sealed can and exposed to ( 
the air. However, the gas can kill people or animals too if they breathe 
enough of it. Therefore' it must be used carefully. - 
When the S'ilo is filled and ready to be treated, the tablet is taken from the 
■ can and wrapped in paper or leaves, dropped into the silo on top of the 
grain and the silo cover is IMMEDIATELY sealed with banco. In seven (7) 

1 days the gas will become harmless and only powder will remain wrap- - 
ped up in the papfer or leaves. Three to six (3-6) tablets are used for ... 
each ton of grain stored, depending on the level- of insect attack. Each 
^month, the emptying hole should be opened to check to be sure that the 
corn is storing well and that no insects are alive inside. Every'two 
months, a new treatment should be made. When emptying the silo, the 
paper or leaf packages of insecticide dust should be taken out and 
buried where children or animals will not dig them up. 

When you open your silo, if it seems very warm inside or if there is the 
smell of rotting corn, the silo should be frnmediately emptied and the 
corn should be re-dried. This can happen if the corn is not well dried so """ 
care should be taken to dry the corn correctly the first time before put¬ 
ting it in the silo. 
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CLOSED STORAGE SYSTEMS (Continued) 

MODEL 4 - CEMENT BLOCK (Square) SILCJ 

The "Tori-Cada" Square Cement Cilo was also developed in the West 
African State of Benin. Originally it was built as an alternative to the 
more costly metal bins. Although this model has not been asextensively 
built, tested, or used as the other Closed Storage Systems discussed in ^ 
this Manual, it is thought to have considerable potential. The Square 
, type Cement Silo has the advantage, in comparison to the round silo, 
that it is easier to build, and the method is already well known to local 
craftsmen from the construction of houses. On the other hand the 
round sjilo requires less building materials than the square one. 

Each bin orsilo can be made with a storage capacity ranging from 1 to 7 
ton. Standard heighFls^ m. To make the silo air-tight each bin is cov¬ 
ered by planks of reinforced concrete. 

Figure 9 shows the details of the wall construction. Besides the founda- 

4 

tion there are 2 layers .of reinforced concrete in the walls, one in the 
middll and one on the top. The concrete floor has a layer of tar paper to 
prevent water from penetrating into the silo. The walls are plastered on 
both the inside and the outside and painted with coal tar p-n the outside 
to make it airtight and moisture proof. The posts that suppiort the roof of 
the hangar are made of reinforced concrete and placed in the corners 
between the silos. 

The standard hight ins 200 cm as mentioned before, the other interior 
dimensions are as follows: 

- Capacity 1 ton : 80 x 80 cm 

- Capacity 2 ton : 115 x 115 cm 

- Capacity 3 ton : ,135'x 135 crp < 

- Capacity 4 ton : 160 x 160 cm . s —, 

- Capacity 5 ton : 180 x 180 cm J 

- Capacity 6 ton : 195 x 195 cm / 

- Capacity 7 ton : 210 x 210 cm / y 

Naturally the construction price is-lowest per ton for the largest silo (7 
ton) but it is also cheaper perton to build 4 silos (bins) together instead 

f only one. ' 
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FIGURE 9 - Cement Block (square) Silo 
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Given below is a detailed description.for constructing a single unit Ce¬ 
ment Block (Square) Silo with a 5 ton capacity: 

This silo when constructed has interior dimensions of 1.80 x 1.80 x 
2.70 m, which gives-a said capacity of 5 tons. The silo is built primarily 
out of regular construction bricks 40 x 20 x 10 cm. The design uses 
building techniques that nearly any Igcal mason already knows. 

Once the materials are at the site, building can commence. The first > 
thing to do is dig a hole for the foundation.' Select a spot that is level, 
welj-drained, and on solid ground. Trace out a square 2.20 x 2.20 m on 
the ground, then trace another square with dimensions 1.60 x 1.60 m in¬ 
side the first square. Between the two squares will be a space 30 cm 
wide. Dig this space out ta,a depth of 40 cm. Once this is done, pour a 
layer of.concrete (1 part cement: 2 parts sand: 3 parts gravel) in the hole 
to a thickness Of 30 cm. Water and cure this layer for a few days or a 
week if possible. 

Once the foundation has cured, put a little layer of mortar down. Upon 
this bricks will be placed until they mount 20-40 cm from ground level. 
The bricks are placed on their 20 cm wide sides so as to form a wide 
base for the wall to come later. Depending on soil and humidity condi¬ 
tions, there will be 3-5 layers of bricks. When the appropriate level has 
been reached and the mortar has cured some, the space formed by the 
square of bricks can be fillet! with dirt to a level 8 cm less than the top of 
the bricks. The dirt should be well tamped and leveled. This hole is,then 
filled with 8 cm of concrete (1:2: 3) til it is exactly level with the top of 
the bricks. Be sure and water the concrete three times a day for seven 
days so it will cure well. 

When the concrete has cured, cover the entire .area of bricks and con¬ 
crete with tar paper. Over the tar paper a smooth and level layer of mor¬ 
tar (1 part cement: 3-4 parts sand) is laid down. This will be the floor of 
the silo. The tar paper’s function is to keep ground moisture from com¬ 
ing up into the walls and floor of the silo. Any such moisture would rot 
the corn. 

After the mortar has cured, mounting of the walls may start. The bricks 
are now placed as they normally are in a wall- with the 20 cm side verti¬ 
cal. Leave 5 cm between the outsidecof the floor and the bricks. This will 
give the desired interior dimensions of 1.80 x 1.80 m. The brick layers 




should be mounted with the,joints between brick layers staggered so as 
avoid cracks. At each corner the bricks may be staggered or, if the 
roof is to be supported at each corner of the silo, a space may be left for 
the eventual peering of a concrete.corner pillar which would alsp hold 
the bricks in place. 

The bricks are mounted to a level of one meter orfive bricks high. Atthis 
time a layer of concrete 10 cm wide and'20 cm high is pdiired/Flerod 
reinforcement is used. Four 8 mm rerods go the length of the wall and 
are held in place by bands of 6 mm rerod. The four 8 mm rerods form a 
rectangle 15 cm high and 5 cm wide. This layer, of rerod helps to rein¬ 
force the wall against the grain's weight. t 

. Once the concrete Ihyer has cured enough, the wall of bricks may be 
..continued. Five orsix additional layers may be put on the concrete mid¬ 
dle layer. At the desired level another concrete layer 10 x 20 cm is 
poured. The rerod pattern and concrete mixture are the s^ame as in the 
other layer. The onty difference between the two layers is the addition of 
a concrete piece'crossing the middle of the silo. This piece will be the 
support for the top slabs that cover the silo. The middle cross piece is 
1.80 m x 20 cm x 20 cm and is reinforced with rerod. 

While the concrete layer is drying, the silo may be plastered. The inside 
and outside should be entirely plastered. A 1,0-12 cm plastic pipe cap is 
fitted into one of the lower outside walls in order to empty the silo. A 
brick may be made with a hole already in it or a hole may be dug into a 
brick afterwards. 

At the time the concrete flooring was poured, the two top slabs for the 
silo could have been poured. These consist of two 2.00 x 1.00 xJ^BO m 
■ slabs. One of the slabs must have an entry hole either 50 x 50 cm square 
or 50 cm in diameter. Formwork is made on the ground in which the two 
slabs are pour^dOA, grid of rerod is made with the 2 a\ length using 8 mm 
bars and the 1 m width using 6 mm bars. Spaces pf 15-20 cm are left 
between the bars. - i 

As mentionned, one slab must have an entry hole.^Thus, one grid must 
leave spaceto accommodate the hole. A mixture ofconcrete (1::2:3) is^ 
poured first to a 2-3 cm depth. The rerod grid is placed/then the rest of 
the concrete is poured to a depth no gYeater than 6 cm. The proper 
depth must be maintained if the slabs are to’be lifted in place by men. A 
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small cover slab for the entry hole should also be poured at the same 
time as the two top slabs. A rerod handle should be placed to facilitate 
handling of the co ver slab. All three of these slabs should be cured by 
watering three times a day for seven days. When the slabs have cured, 
they may be lifted in place and mortared to the wall and each other. 
Once the entire silo has dried for two or three weeks, it may be painted. 
This could be dons in a couple ways. The outside of the silo and the in¬ 
side floor might be painted with coal tar. If sun shining on the silo will be 
a problem, the outside might be painted with whitewash and the inside 
with coal tar. If sun and rain are no problem, the outside could ben 
whitewashed. The interior also might be whitewashed to make the silo 
interior brighter when the silo is opened. 

As mentionned earlier, the cornersrof the silo might be made out of rein¬ 
forced concrete that projects beyond"the top of the silo. These corners 
could then support the roof. Otherwise, a separate roof could be built in 
order to protect the silo against sun and rain. ^ ... 

To protect against people stealing grain out of the silo, rerod or flat 
pieces of metal could be put in the bricks around the emptying hole. 
One piece could hinge across the hole and lock to the other piece. The 
not too serious robber of grain would thus be deterred. 
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WORKBOOK EXERCISES 


> T 

1. What’are the principal advantages to using a closed grain storage 
system? 

’ . — - : -=-- - 


Not-es: 



A 
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2. Are there any closed storage containers currently in use in your , 
area? ' : r __ . 

If so, what types are they and how much grain pan be stored in 
them? 
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3. What are the advantagesand disadvantages in using the 1.5 ton Im¬ 
proved Mudblock Silo? * 



Notes: 




153 












r 


^3 

5. Up till now, why have closed-system mud sites been seldom used in 
humid areas? 


Notes: 


6.- What are the principal advantages in using a cover over the 4.5 ton 
Cement Stave Silo? 



) 

. Notes: 
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«?• .. t( \ ... 

7. What are the principal advantages of airtight storage? How can in¬ 
sects, ba.controlled, with,......... . . 




it 


Notes 


* 

8. What are the proper methods to use in storing cement? 
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9. Will closed storage systems work in your area? If so, which of the 

two suggested models offers the best possibilities and why?- . 

* 



Notes 




Notes: 
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CHAPTER VI: 

CONSTRUCTING AND USING YOUR DRYER 

Farmers throughout the world have long recognized the need to dry 
their cereal grains. Try to put yourself in the farmer's place and take a 
look at the methods currently used by him. 

- Do his present drying methods produce satisfactory results? If they 
do, why change them? If they do not work, why not? 

- By using improved drying methods can he harvest earlier and get his 
land ready sooner for a new crop? 

- Would he be able to maintain a new drying machine? Could he fix it if 
it broke down? Does he have enough time to operate it? 

- Would the initial cost of the dryer be easy for the farmer to recover 
because with better, more controlled drying it means he will eventq- 

S' \ 

ally make more money from the sale of his grain? 

- Would it be more advisable for him to join a group of farmers and pay 

for the cost of a dryer with a group ? Or does the farmer dry enough 
grain to make use of a dryer by himself? * 

In this section, four different drying methods are presented. Three emp¬ 
loy the principles of solar drying and one involves the use of oil barrels 
which are heated with a fire. 

1. Traditional Sun-Drying 

The oldest and most widespread method of drying grain is sun-dry¬ 
ing. You should look first at the local techniques of sun-drying in 
your area. How much work is required of the farm family? What are 
the losses and inconveniences? In drying maize, for example, the 
simplest method is often to leave the maize.in the field until thejjiois- 
ture content has dropped sufficiently for storage. The principal ad¬ 
vantage of this method is that the grain is subject to direct attack by 
grain-eating insects, birds or rodents. 

Another traditional way of sun-drying maize is to leave the cobs or 
shelled corn on a flat piece of ground in the sun. Experience has 
shown that this method also doesn’t achieve the best results be¬ 
cause there is too little movement of air close to the ground, and 
consequently the drying takes longer. Besides, dust or stones may 
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be taken up with the crop and contaminate it It is always worth re¬ 
membering that clean grain is essential for proper storage!^ 
However,, improvements-can be -made-involving even the -simplest 
traditional methods. Rather than dry grain directly on the ground, 
where the grain can pick up moisture from the earth, you-can intro¬ 
duce the farmer-to using a plastic sheet. You will probably need a 
sheet about 10 m x 3 m. It is recommended that the plastic be at least 
.004 gauge thick. 

( ■ 

- Build a mound of hard-packed earth on which, to place the plastic. 

If you use level ground, buifcfea-dike of earth around the‘area bn 
which the plastic will be piaceci to protect the drying grain from 
water. ■ 

- Make sure there are no rocks, wood and sharp things on the 
ground where the plastic will go. Plastic tears easily. 

- Place the plastic in the prepared place. | , 

- Attach the narrow end of the plastic to straight poles made from 

. *> 

bamboo or other smooth material. . - • - 


- Put clean grain on the plastic. Do not make the grain more than 
5»cm deep. 

- Stir often so the grain will dry faster. Turning^nd stir/ing make 

sure all parts of the grain are touched by air and sun. 

* - 

- The rake or other tool used to stir the grain must have smooth, 

rounded edges. This tool then will r^ot damage the plastic or the 
grain. ■ .. , • 

ft 

- As the grain dries, moisture from the grain collect^ on the plastic. 

After the grain has been drying for two hours, posh all the grain to 
one half of the plastic. ’ 

- Let this plastic dry for.five minutes or so. 

- Push all the grain to the other half of the plastic that is now dry and 
let this half dry for-fi-ve minutes. 

- The plastic sheet should be aired in this way every two hours while 
drying is going on. 

- Cover the grain at night. Push all the grain to One end and fold the 
* plastic over as a cover. 
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2 . Solar Drying 

Increasing attention is being given to improved methods of solar 
(sun) drying. Although there are several distinct advantages in using 
solar dryers, i.e., you do not require-any fuel (which in many develop- 
ing countries is becoming increasingly scarce, especially fire wood), 
- ‘ the drying time is reduced, and they can be used to dry other crops 
such aS'Cassava, frujts and vegetables; they also have certain draw¬ 
backs j^the mQst importa'hi being the extremely high temperatures 
which build up (65-80’C) inside the'box under the plastic sheet. 
Such high temperatureedamageigrain like rice (vKinich tends to crack 
at temperatures above ,5'CT C.) and also seed grains. 

FromH/ffe information provided in Chapter,II concerning basic princi¬ 
ples of d tying,-it ^possible to'arrive at a set of requirements for effective 
sol.ar drying.of gkatn i'Q-humid climates'. These are: **■ 

_ 1) Bot the materialbe dried ahd the surrounding air should be 

/ , heated. -‘i .* . * 3 

1 r % . <i , 1 * 

\ 2) There should be maximum possible mc5vement of air over the sur- 

1 face-of the rfraterial, q . 

3) The surface area of material exposed to theair should be as large 
as possible'! &• ‘ . • ' _ - ' 

It is not possible toyattain requirements 1) and 2) with traditional 
. .methods in which material indirectly exposed to the sun. Some form 
of enclosed drying system, in which the material to be dried and the 
air surrounding it cab be heated sighjficantly is needed. 1 

It is nevertheless possible to fulfil these requirements using pimple- 
equipment whichjraps the heat-of the'sun, but which, at the'same 
time, encourages air movement by convection.ofTieated air. Equip¬ 
ment of this type can be made simply and cheaply using materials 
which are generally readily ^available in developing countries. 


,y 
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A General Description of Partially-enclosed'Dry^rs -'ll 

. The partially.-enclosed sun-dryer i^a structure which acts as a heat trap, 
but which is also provided with ventilation openings to allow airto moye s 
Through the dryer by convection. ^ - v > w ■> • 

Two of the models described in this WORKBOOK (Nos.al and 2) atVslrri- 
ple, box 1 !ike structures,. provided with upper and lowe*■‘ventilation * 
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openings, aryd closed with a cover of transparent polyethylene film. The 
cover is "double glazed", i.e., it is made of two layers of film'with an in¬ 
sulating air space in -between. The box itself is constructed of material 
which will provide adequate insulation to prevent the escape of heat. All 
interior surfaces are painted matt-black to achieve maximum absorp¬ 
tion and retention of heat. Material to be dried is supported inside the 
dryer on perforated trays which can be of wire netting or woven from 
local material such asjjapyrus reed. x 

Air movement through the dryer is achieved b^convection. As t>he ma¬ 
terial to be dried and the air surrounding it becomes heatet, the hot air 
rises and escapes trfrbqgh the upper ventilation openings, resulting in 
cooler air being drawn in through the lower openings. There is thus a 
constant movement of heated air over and through the material being 
dried. Aigtemperature inside the drier i ; n bright tropical sunlight will 
usually 6e twice that of the outside air. Drying temperature can be con¬ 
trolled by opening or closing the upperventilatyen outlets. 


B Advantages of Partially-enclosed Dryers t 

The major advantage of the partially-encl.osed sun dryer is, ofcourse, in 

*? 

its ability to generate the high temperature and air movement essential 
for effective drying in humid climates. However, as mentioned earlier, it 
also possesses a number of distinct advantages over traditional “open" 
drying methods, even m areas where high humidity is not a serious 
problem. Some of these advantages are: 

1) The dryer is rainproof and can be left in continuous operation with¬ 
out attention, and'without the necessity for covering up drying ma¬ 
terial or removing it into shelter during showers. 

2) The higher temperature^possible with this type of dryer greatly 
speed up the drying process, not only giving a much greater output 
than open methods, but also eliminating the possibility of mold or 
microbial spoilage which is common with open drying methods. 

3) As well as protecting the drying material from re,-wetting by rain, the 
covered dryer also gives protection from dust and dirt, from attack 
by thirds and rodents, and from insect infestation. 

4) The high temperature to which the material is subjected wiH effec- 
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tively kill or drive off any insect infestation which may be present in 
the material as it comes from the fields. 

The partially-enclosed dryer will, therefore, produce a well-dried, clean 
and pest-free product which will be in excellent condition for prolonged 
storage or for immediate use. ..._____ 

C. General Remarks on Construction of Dryers 

Instructions and sketches showing constructional details of two mo¬ 
dels are given in the following pages. However, since it is intended that 
these dryers should be made from whatever materials are most readily 
available locally, it should be noted that such details as to dimensions 
which are given are meant for general guidance only, and local adapta¬ 
tion in terms of changes in length, width or depth will not affect the effi¬ 
ciency of these dryer. The sketches for Models 1 and 2 are based on a 
useful practical working size of 8 ft. in length, 4 ft. in width, and 9 to 12 
inches overall depth. While there is a limit to which' intefnaf depth can 
. be reduced, changes in area can be made to suit Ipcal positions, and 
dimensions of materials available. _ . 

The dimension which is of importance, and which should be adhered to 
as closely as possible, is the thickness of insulation on the Model 1 box- 
type dryer. Where wood shavings, wood wool, dried grass, leaves; or 
similar material is being used, a minimum thickness of 2 inches should 
be used. Also, for practical reasons, the internal depth of Models 1 and 2 
should not be less than 6 inches. 

t 

D. Construction of the Model 1 Dryer 

Details of the construction of this model are given in Figures 1 to 5. As 
will be seen, it consists of an outer box and an inner box. The dimen¬ 
sions of the inner box are at least 4 inches less in length and width, and 
at least ?inches less in depth than the outer box. The space between the 

t 

boxes is packed with suitable insulating material. Lower ventilation 
holes are drilled through the bottom of the boxes (ahd throOgh battens 
fitted in’the insulation'Space for this purpose), and slots are cut in the 
upper edges of the sides of the box to provide upper ventilation open¬ 
ings. The dryer is supported about 6 inches above the ground on four 
legs (which also form the main corner members for the box). 
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figure 1 

model i solar-dryer 

SKETCH SHOWING DRYING 
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FIGURE 3a 

CONSTRUCTION OF MODEL 1 DRYER 

DETAIL OF ONE POSSIBLE TYPE OF CORNER JOIfJT 



> 


BATTEN. 












FIGURE 3b 


CONSTRUCTION OF MODEL 1 DRYER. 
DETAIL OF WEATHERBOARDING 





FIGURE 4 


CONSTRUCTION OF MODEL 1 DRYER 

“CUT-AWAY” SKETCH OF ONE CORNER SHOWING DETAIL OF INTERNAL FRAMING 


Urt (also vaoavv ccfou.'T batttw) 



FIGURED 


CONSTRUCTION OF MODEL 1 DRYER 

‘CUT-AWAY” SKETCH SHOWING STAGES IN COMPLETION OP INNER BOX 





...Steps in Construction: 

Rememjperthat it is a very useful practice to re-check all measurements 

and markings on timber before cutting. Follow the maxim "measure 

twice and cut once”.- 

& A* 

First build the outer box as follows: 

1. Cut leg pieces, sigte, and end battens to size, and join together to 

make the basic frame. The type of joint illustrated in Figure 3a can be 
used if basic carpentering skills are avilable. Otherwise the pieces 
may simply be butted together and joined by driving long nafts or 
screwnails. All nails should be driven home so that heads are flush 
with the'surface of the wood. * 

2. Cut side and end pieces (these can each be one single piece or plank, 
or a number of n^rc/Wer pi-eces). If a number of narrow planks are 
being used to cover flhe outer sides and ends, these should not be 
simply butted tog^Vw edge .to edge, but should be "weather- 
boa rded^a^^kown in Figure 3b, so as to deflect rain and avoid wet- 
tingof insulation. When this form of construction is used, the gaps 
between planks and frame members shoujd be filled with plaster, 
mud. or putty. If tongued and grooved planks are used, these should 
be fitted tongue uppermost to prevent rain getting into the joint. 

3. See Figure 4. Nail end pieces to legs and end batten ahd then nail 
side pieces in position. Cut bottom pieces (to full length and width of 
box). Cut out corners so as to fit around legs and nail in place to 

...-'dower edges of side and end pieces. 

4. Cut and Yjt air inlet battens, nailing through from the ends»and bot¬ 
tom of the bo$<. When nailing, take care to avoid sites of the holes 
which will rater be drilled through these battens. 

Next, put insulating material in place and complete the inner box in the 

following manner: 

a)^|Bee Figure 5. Cut inner panels to size. The length of the inner side 
panels will be the~internal length of the box between the end battens. 
The depth of.side panels will be the internal depth from bottom of 
box to upper edge of side batten. The length of the side panels wilk 

f 

be the width of the box between the leg pieces less the combined 
thickness of the two side panels. The,depth of end panels will be the 
distancefrom the upper edge of the side batten to the bottom of .the 


slots cut in the air-inlet battens, the length of the bottom panels will 
be the length of the box between the end of the battens less the 
combined thickness of the two end pieces. Its width will be the widt 

V A V* 

of the interna] end panels. 

b) Turn the box on to one side and pack in the insulation on that side so 
that it is slightly above the level of the legs and side batten. Nail the 
inner side panel in place to the side batten and legs and through the 
bottom of the box. Repeat this process for the other side and two 
ends. 

c) Mark the center lines on the air-inlet battens on to the end pieces so 

that the marks will be visible once the internal bottom panel has 
been fitted. Pack insulation in place on the bottom of the box up to 
the level of the air-inletbattens, and nail the bottom panel(s) in place 
to the airjinlet battens (agai«*.avoiding the sites of holes to be drilled 
later). / . . s 

d) Mark the center lines of air-inlet battens on the bottom panel(s) and 
mark off position of holes. Drill through from the inside to the bottom 
of the box. 

e) Mark the position of the air-outlet slots on the upper sides, cut the 
sides of each slot with a saw and chisej,-out the slots. 

f) ;i Paint or stain the internal surfaces of the box with a dark color, pref¬ 

erably' matt-black (black-board paint is useful for this purpose). 
Treat the exterior of .the box with wood preservative (if available) and 
paint with gloss paint or marine varnish (if available). 

E Construction of Cover for Models 1 and 2 Dryers 

The sdme type of cover is used for both these dryers. It consists of a 

simple rectangular wooden frame with a central ridge piece, which is 

covered with a double layer of polyethylene film. Details of construction 

of the cover are shown in Figures 6 an 7. 




’To ©is and Materials' 

Tools needed: Saw (preferably tenon saw), screwdriver, sharp knife 
or scissors, try square, marking gauge. 

Materials: > Lengths of timber 2" x TV' or nearest. Transparent 

polyethylene film (preferably 0.005 in. or heavier). 
Screwnails, ( 5 /s" x 8s C.S.)-. Blued tacks (V 2 "), or large 
office stapler. 

TOOLS AND MATERIALS / ' 

Tools needed: Hammer, screwdriver, try square, saw, brace and 1" 
wood drill, 3 V" wood chisel. 

Materials: Wooden planking or plywood for sides, ends and 

bottom of boxes.* 

Lenghts of timer 2" x 2 1 2 " for legs, and 2" x 2" for 
side: end and air-inlet battens. 

Insulating material, e.g., wood wool, dried grass or 
leaves, coir fibre, etc. 

Nails and screwnails of appropriate size. 

Matt-black paint or other suitable black staining 
material, e.g., charcoal. 1 

Wood from old packing cases is very useful for this purpose. 


Steps in Construction 

The frame should be made so that its overall length and width a re each 3 
inches greater than the box to be covered, i.e., so that it can overlap the 
box by I- 1 2 " in each direction. 

1. Cut the .frame members to length and assemble as indicated in Fi- 
gures 6 and 7..N.B. After construction is completed, the frame should 
be allowed to dry out in the hot sun before the cover is applied. The 
cover should be applied while thewood is still warm and at a time of 
day when humidity is low. These precautions are necessary to prev¬ 
ent condensation occurring between the layers of polyethylene, thus 
"fogging” the cover. If, de^tfe this precaution,-some fogging does 
occur during use, withdraw tacks or staples from a short length at 
each end of the cover, open up the polyethylene to allow moisture to 

f v. . • .— - -..---. 




escape while the dryer is in operation, and then refasten the 
polyethylene in place. - 

2. Cut a piece of polyethylene sheet for covering the lower side of the 
frame so that it is 3 inches widerand 3 inches longerthan the frame. 

3. Turn the frame upside down and lay the polyethylene sheet in place. 
Fold one side, of the polyethylene bgck on itself to form a triple layer 
seam 3 4" as shown in Figure 7b (i). \ 

4. Starting at the middle of the frame and working progressively to¬ 
wards both ends, stretching the polyethylene lightly taut firmly 
lengthwise, tack or staple through the seam at 3” intervals to fasten 
this edge of t-h^5e/yethylene to the frame. N.B. Do not qyerstretch 
the polyethylene. Polyethylene will “give” and distort if fingertips 
are dug into it, and such distorted areas are likely to perish during 
use. It is preferable that polyethylene should be sligthly loose 
rather than overstretched. 

5. Repeat this process at the other side of th^,frame, stretching the 
polyethylene across the frame as tacking or stapling proceeds. 

6. Fold similar seams at each end. and tack the ends of the Sheet to the 

frame, tucking the polyethylene neatly at each corner and fastening 
firmly in place. >*• ^ ^ 

7. Cut a piece of polyethylene sheet for covering the uppeV’sfee, sojh-ah 
when draped over the frame it is 4 inches wider and 4 inches longer 
than the frame. Turn the frame upside down and, making a triple-fold 
seam as before, tack or staple one edge to one side of the frame so. 
that the seam is inside that of the lower sheet (Figure 7b (ii). 

■•‘'8 Stretch the polyethylene over the ridge and around to the lower edge 
of the other side member. Make a folded seam and tack or staple in" 
place as before. ’ 

9. 'Stretch the polyethylene over one end of the frame, fold and tack as- 

l 

before, cutting away any excess material resulting from .the slope 
from ridge to side member. Tuck the corners of the sheet in neatly, 
and tack firmly in place. Repeat for the other end of the frame... 


Attachment of Covers to Dryers 

The covers, being very light in weight, are liable to be blown off the 
dryers by even a moderate gust of wind. Arrangements should theretore 
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FIGURE 7 













be made to keep them firmly in place. This can conveniently be done by 
fastening hooks of stiff wire to each corner of the cover and swingin 
these hooks into place around nails or pegs fixed in the sides of the 
dryer. Alternatively, lengths of stout twine or cord fastened to one side 
of the dryer may be drawn tightly across the cover and tied to nails or 
pegs-op t|je other side. - .. 

F. Construction of Drying Trays 

,An example of one possible type of dfying tray is illustrated in Figure 8. 
■''mfiis is a simple wooden frar ^w fth fine wire mesh stapled to its under¬ 
side. Two support run/ierJ|fc$Pfeled to the underside (over the edge of 
the wire mesh). If necessary, two laths may be tacked over the edges of 
the wire mesh to hold it in place at the ends. However, folding the edges 
of the mesh over upon itself before stapling maybe all that is needed. 
A suitable size of tray for use with 8' x 4' dryers illustrated in the 

H! 

sketches is 3' 6".x 3' 6", overall, two trays of this size being used in the 
dryer. 

Simpler trays made of course be made from local materials. Papyrus 
reed matting, or a frame with slats of reed or split bamboo, for example,, 
makes an excellent support on which material can be dried. Coarse 
hessian sacking material oropen weave grass orfibre matting stretched 
on a frame can also be used. ' ,. ! 

t 

i 

G. Construction of Model 2 Dryer 1 

This dryer, illustrated in Figures 9 and 10, is not portable like Model 1. It 
is meant to be permanently sited and to be-constructed of clay bhjcks, 
mud and wattle; or similar materials. Compressed bricks made by the 
Cinva-Ram using local earth mixed with cement aijje ideal for the pur¬ 
pose. If hollow bricks are available, this would be agrfedvantage. Hollows 
in such bricks should be packed with dried grass, coir fiber or other in¬ 
sulating material before the bricks are laid. - 

c 

Siting £ 

Because of its permanent nature, care should betaken in the choice of a 
site, which l\ust be flat and level, and which should not be shaded by 
trees or buildings. The dryer may be built on a floor of solid-hardrbeaten 
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earth, or, if it is fel-t to be necessary, a base of concrete may be used. A 
drainage trench about 9 to 12 inches in width and depth should be dug 
all around'the dryer to protect it from floods resulting from heavy rain. 
The dryer should preferably be sited so that it is end-on to the prevailing 
wind. In tropical latitudes, its siting in relation to the sun is relatively un¬ 
important, but there may be a slight advantage in having its length in an 
east-wlfet direction, but only provided this does not expose the sjdes 
rather than the ends to the wiftd. 

Materials 

Clay or similar bricks as described above, mortar or clay. Thick bamboo 
(2 1 2 to 3 inches in diameter). 

t $ 

Steps in Construction 

1) PVepare the site and lay the first course of bricks. 

2) S= repare the bamboo pipes as follows*: Choose bamboo of even 

thickness arid with as few joints as possible. Cut to the overall width 
of'the. dryer.’Split the bamboo into halves lengthwise and cut away 
the partition at each joint. Put the two halves together again and bind 
together with string, wifef Or other suitable binding material. Cut or 
drill holes'in each pipe as indicated in the sketch. The'holes should 
be about 1 \z inches in diameter, j 

3) Lay the second layer of bricks, placing the bamboo pipes in position 
"as shown in the sketches, cutting appropriate bricks, short as 
needed. Lay the third layer of bricks, packing the gaps around the 
bamboo with mortar or clay. 

4) Lay the top layer of bricks, cutting away as necessary to form air-out¬ 
let.slots. Alternatively, lay the top layer of bricks leaving one-inch 
gaps appropriately .spaced along the two sides. 

*■ 5) Paint'the insidg o,f the dryer a dark color. Charcoal mixed with clay 
may provide a suitable means of doing this. 

6)- Construct a cover and drying trays as desribed in 6 an 7 above. 

\ - ,s 

* ATtarnatively. bamboo inlet pipes of only 12" in length may be used instead of 
/■' the null-width pipes. Length of these pipes is shown by the thick lines in Fi¬ 
gure 9\ 


Early construction of Model 2 Solar Dryer 


Photo - Erik Bentzen 





























FIGURE 9 

MODEL 2. DRYER CONSTRUCTED OF CLAY BRICKS^PLAN AND ELEVATION DRAWINGS 
Scale 1 cm = 6 inches 





























» Photo - Erik Bentzen 

Model 2/Solar Dryer - showing ventilation arrangements. 
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A Simple Cover Frame for Sun Dryers 

The attached sketches illustrate the construction of a simple “double 
glazed" polythene cover for sun dryers. This can be made in the village 
situation, using only the tools and materials normally available" The 
only external input needed is polythene sheet in the form of a tubular 
sheath. 

The frame (Sketch 1) consists of two “coat-hanger” shaped end pieces 
joined by three pieces of bamboo or other straight poles such as wattle 
or eucalyptus. 

The end pieces (Sketch 2) can be chopped out to shape with a “panga'T 
cutlass, or machete-type knife, and the nesting sockets for the joining 
poles can be carved out with a smaller knife or burnt out with a hot iron. 
Poles.are selected forstraightness and uniformity of diameter. Perfectly 
straight and uniform poles are rare. It is important that the two side 
poles are straight in the horizontal plane, and the frame should be put 
together, on a perfectly flat piece of ground and the two side poles ar¬ 
ranged to achieve a frame which isnot warped and which does not twist 
upwards at one or more corners. Slight irregularities in the poles do not 
matter since, although these may prevent the frame seating accurately 

on the top edges of the dryer, this does not matter, since air vents are in. 

any case required between the cover frame and the top edg§s of the 
dryer. 

Fastening bamboo or thin poles with nails can be a problem because of 
the risk of splitting. For this reason, holes for the n ails sho uld first be--- 
drilled in the ends of the poles (Sketch 3j. This is done using a nail 
heated to redness. The nails are then inserted in these holes and driven 
firmly into the woo,den end piece. 

The joint can be strengthened (Sketch 4) by nailing a strip of ham- 
mered-out'tin (cut from an old tin can) over the joint. This tin strip would 
be likely to abrade the.polythene so, to avoid this, the joint should be 
wrapped in a piece of cloth, banana fiber, soft barkcloth or similar soft 
material before covering the frame with polythene. 

The cover frame must be made to that it fits snugly into the polythene 
sheath and so that the sheath is stretched taut. The key dimensions in 
this respect are those of the end piece, and it is necessary to make the 
first end piece by trial and error. The end piece should be cut to shape 
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Fit the sleeve over the frame so that 
approx 12" of the steeve overlaps at each end 
















but finished off the same width as the sheath. Its width should then be 
reduced by paring slivers from.each end until it will just fit into the 
sheath. It will be found that the width of an end piece which -is 4 inches 
high at its highest (middle)'point will need to be about V' 2 to 3 /a shorter 
than the width of the sheath. 

The following is a practical example: 

A polythene sheath was made by folding 8'> wide polythene film and 
sealing along the open edges. The effective internal width of this 
cheath was 46" (two inches’used up in seaming). The size of end piece 
needed for this sheath is-illustrated in Sketch 2, i.e., 45V2 inches long 
and 4 inches high. A.cover frame made from two end pieces of this size 
fitted neatly into the sheath without undue stretching of the polythene. 
The polythene sheath is fitted to the frame as described in Sketches 5; 6 
and 7. V 

3. Drying with Fire 

There may be times, however, when climatic conditions will not permit 
the effective use of even an improved solar dryer. This may be the case 
where there are long periods of rainfall or-very cloudy weather. Also, 
when the amount of grain to be dried is too large, another method will 
have to be found. 

Here we present a model called the Pit Oil Barrel Dryer or Brooks Field 
Dryer that can be used quite effectively at the farm an$ village level, 
either by an individual farmer if he has a fairly large amount of grain to 
dry, or by a group of farmers working together as in a-cboperative? 
Storage of grain in a closed container requires that the grain be suffi¬ 
ciently dry to prevent rotting. For maize this is optimally 12% moisture 
.content.. The traditiona^method of sun drying is neither assured nor 
very efficient, especially for large quantities of grain, ^requires much* 
laborto spread and gatherthe grain each morning and evening and this 
is especially difficult in times of inclemenbweather. <,. ", 

Artificial drying.permits drying large quantities of grain in a relatively 
short period of time. The higher drying temperature drives insects from 
the grain and allows the grain to be harvested-soonerwith less dryirfg' 
time in the field, thus decreasing insect and rodent damage, which oc¬ 
curs before harvest.^ 







The dryer consists of banco walls with a screened false floor for drying 
the corn with heat from a fire box consisting of three 220 liter drums 
joined end to end below the drying floor 1 . 

CONSTRUCTION (see figures 9 - A - B - C - D) 

The drying chamber has interior dimensions of 2.40 x 2.20 m and a 
height of 40 cm from the screen floor. The walls should be 30 cm thick 
giving exterior dimensions of 3.00 x 2.80 m. The stoking pit will be built 
on the upwind end of the dryer. It should have interior dimensions of 
1.80 m long and 1.70 m wide, including the stairway. 


LINTELS 

The end walls will be supported by 2 concrete lintels (1.20 x 0.30 x 
0.08 m), requiring 1 4 sack of cement and one. 6 m bar of re-rod (0 
6 mm). The lintels can be made any time a 1:2:3 concrete mixture is 
made, though the sooner they are made, thesooner they can be placed. 
The formwork can be made from boards or bricks lined with paper. 
Three pieces of re-rod 100 cm long should be .evenly spaced horizon¬ 
tally 4 cm from the bottom edge of the lintel. 


THE DRYER 

First stake out the drying chamber 2.80 m wide x 3.00 m long. This 
should be centered between the two sides of the hangar. Extending 
upwind on 1 • side of the drying chamber, stake out the stoking pit, 2 m 
Ipng x 2.10 m wide. This will leave an unused area on one side of the, * 
stoking pit 2 m long x 0.70 m wide'on4he opposite side of the drying 
chamber. Dig all of this staked out area 30 cm deep and pile all of this||4 
removed top soil to one side so that it will not be later mixed with the 
banco. y 

Next, dig a trench centerecj in the length of the drying chamber 70 cm 
wide and 140 cm deep. This will extend 480 cm from the chimney end of 
the drying chamber (leaving a 20 cm ledge for the retaining wall of the 
stoking pip). Remove all of this dirt taking car^ not to mix it with the top 
soil which was earlier removed. 


























Labour - Digging hole 5 man-days 

Regairements - Prepare Banco 6 man-days 


PLACING LINTELS 

Carefullymeasjurg-and marft points 3 m and 2.70 m from the chimney 
end of the trench and cut slots on both sides of the trench, where the ITrF 
tel will rest. These will descend to 70 cm from the trench floor, 30 cm 
wide and 30 cm long. Cutsimilarslots up against the chirfifSiy end of the 
drying chamber- 75 cm from the trench floor. The 5 cm difference is to 
give a slope to the barrels and thereby facilitate smoke escape through 
the chimney. Next cut the chimney hole 30 cm wide x 30 cm long x 
30 cm deep centered at the end of the ttench. A channel 15 cm x 15 cm is 
then extended from the center of the chimney hole to 50 cm from the 
bottom, the trench.A5 cm layer ofmortarorbancoislaidin each of the 4 
lintel slots and the lintels are lowered into place taking care that they are 
level and square with the dryer side walls. If banco has been prepared in 
advance the construction of the walls can now begin. 

MOUNTING THE DRYER WALLS 

Mount the„walls 30 cm wide over the lintels and 45 .cm on the sides, ex¬ 
tending the stokirrg pit retaining wall alongjts ledge,*20 m thick to a 
height 20 cm ground level around the extremities of the-stoking pit (2 m 
x 21Q cm). This retaining wall protects against erosion of the pit walls 
and keeps dirt and trash from falling into the pit. :: ; .. .. r \ 

The height of the wall over the lintels which can be mounted in’one day 
without danger of collapse depends on the quality and water content gf 
the banco. When-the drying chamber walls reach 90 cm from the lower 
edge of the lintel, the side walls thickness is reduced to 30 cm, leaving a 
15 cm ledge on the inside of each side wall which will support the drying 
floor logs. Before the walls are mounted much above the qround* level 
the rest of the digging and dirt removal should be done in the drying 
chamber to avoid unnecessary difficulty in removing the dirf. From the 
base of interior side walls to a point 40 cm from the bottom of the barrel 

*4 
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- Mount walls 1 "". % 6 man-days 

- Place barrels i . 1 man-day 

- Place floor ' M 1 man-day 
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trench remove the dirt on both sides of thetrench leaving a.slope of ab¬ 
out 45'. When the retaining wall is mounted to 20 cm above ground 
level, it should be level with the drying chamber walls atthe point where 
they-are diminished to a thickness of 30 cm. At a height of 10 cm higher 
than the 15 cm side wall ledge, a strip of chicken wire 20 cm wide 
should be embedded 10 cm in the wall all the way around leaving 10 cm 
extending out into the drying chamber to which will later be attached 
the drying floor'screen. This embedded screening should be 1.00 m 
from the bottom edge of the front lintel. The walls are mounted to a 
height 40 cm above the embedded screening. A the same time that the 
drying chamber walls are being mounted,the chimney can be done. Its 
height should be extended 20 cm higher than the top of the dryer wall. 
The opening can be reduced to 10 cm in diameterto prevent undue heat 
loss. 

The stoking pit is finished at any convenient time during the dryer con¬ 
struction. The stairs §re cut out in four equal steps 30 cm high and 
40 cm wide, leaving a 30 cm wide ledge against the dryer wall and the 
lowest step. This will lend solidity to the dryer wall and lintel. The stok¬ 
ing pit can be enlarged by cutting away 15 cm on each side of the stok¬ 
ing pit. 

The walls can be polished as they are built. A layer of 1:8 mortar on top 

* i 

of the wall all around will keep the walls from being worn away during 
use. Cra‘cks‘in the dryer wall should be filled with banco to improve both 
its solidity and appearance. Extra care shpuld be taken in filling cracks 
in the chimney end wall to avoid smoke entering into the drying 
chamber. - 

' at 

PLACING THE FIRE BOX BARRELS: 

The sloping sides of the pit must be dug away before placing the barrels. 
First, cut both ends from two barrels, and one end from the third. A small 
hole 20-30 cm wide should be cut in the other end for the chimney hole. 
One side of the chimney hole is formed by the barrel rirruThis hole will 
be on the top side of the barrel when it is placed in the dryer. 

The barrels are joined with four heavy wires spaced evenly around the 
circumference. The barrels should be supported with bricks or broken 
staves 10 cm thick. 
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Photo - Erik Bentzen 

Shown here is one of the two concrete lintels which support the end walls. 

































The joints should be sealed by placing a strip ofscreening around them 
and plastering with a'1’ 8mortar. If the screen holes are toqbig to hold 
the cement, place paper under the screening-. From inside the barrels, 
the bottomscan be sealed aswell asanyspacesshowing in the top joint 


The trench must now be closet) around the barrel ends with banco. At. 

tT 

the chimney end the seal must go completely around the barrel to. keep 
smoke from coming into the drying^ chamber. Th^ opposite end i's 
closed only around the top of the barrel to let cool air enter the drying 
chamber. 

The joint seals can be tested by lighting a smoky fire in the barrels»and^ 
watching to see if smoke escapes into the drying chamber. Do not let it 
burn too long or it will d ry the sealing mortar too quickly causing it to-be 
brittle. 

FLOOR SUPPORTS ' ... 

Use 10 logs of solid wood 8-10 cm in diamejer and 2.15 m long to sup- 

■ » ■ A - • 
port the-drying floor. A very straight log should be placed directly 

against each end wall to keep the screen from pulling out under preS- 


WlRE SCREENING , * ‘ - ' • 

can now be stretched across the logs and attached to^the anchoring 
strips. Smalt holed screening is often very expensive, sib chicken wire is 
usually used. In this case, straw mats must be placed on.top of-the 
screening to prevent the grain falling through. > 

The strips of screening should be longer than the 2.40 m lenght of.the, 
drying chamber because th.e weight of the corn will pull it dowrhbet- 
ween the floor su pports. The strips should be overlapped 5-1(3cm and 
attached by weaving thin wi re u p and down through the holes. For all ot 
the wire screening used In the dr^fer, 9 m 2 are required. * \ 


Instructions for the use of the Brooks.FieTd Dryer. 

1. Before using the dryer each‘time, you-sTiould clean out the, stoking / 
pit-bole to make surg that the ab ventsujn cie r n e at h the -barrels are 
. open and not blocked by ashesopdirt. ’This shiould be* done during 
... drying-also. '•'•&. » 

>* 6 ' V* 

2: ,-C,heck the barrels to make sure there are no holes rusted in them or 
, crabks in'the joints which will allow smoke to enter the gr,ain\m the 
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Table 3. Interior Dimensions pf the Molds > ' 


(L 


Slab . 

Diameter 

1,50 meters 

Large Small 

2,00 r 
' Large 

leters / 
JSrhall 

Length A 

' Widths ‘ bi „ 
b. 

Thickness C 

50,0 cm 25,0 cm 

. . i. .— . 

21,4 cm „ ' 21,4 cm 

22,8 cm ’ 22,8 cm 

5,0 cm 5,0 cm 

50,6 cm 

l .....„__^. 

24,0 cm i 
♦ 

25,2 cm *2, 

5.0 cm 1 ) 

25,0 cm 

- .13 - — .— 

, 24,0 cm 

0 , 

25;2 cm' 

5,0 cm •' 


PILLAR BRICKS . , " * \ * 

A 

24 bricks are needed to build 4 pillars of six bricks each. The bri.cks c^n 

V ' -r. I 

be made from a 1 2 3 concrete mix or a 1 4-6 mortar mix, accordic\g to 
the quality of the sand and,cement Molds of 14 x 20 x 30 cm will give 
bricks which will provide 30 x 30 cm pillars Also, regular cement blocks, 
used in houses can be used if they are the right size or if they can be‘cut 

to fit and if they are strong Dry and water the pillar bricks the same as 
the staves. 

Building the pillars (see fig 4) 

T race a circle of 1 10 cm radius on the ground This will be the crrcum- 
ference of the bottom slab of the silo. Ne^ct, using the same center, trace 
a circlgof 85 cm radius and divide it in thirds. These three points and the 
center point of the circle will be the centers erf the pillars Around each 

t 

qf the four points trace a circle%f 30 cm radius, and dig a hole 50 cra- 
deup (1 o Know hovtf to divide the circle in third, see re-rod armatude" 

P i * 

Pdur a concrete foundation (12 3) 12cm thick in each hole. It should 
be tamped and levelled Next the pillars should be built using three 
layers of two bricks each The vertical mortar joint between the two 
bucks formmgeach layer of the pillars should be criss-crossed perpen- 
dn mar to the proceeding layer The 4 pillars should be levelled carefully 
to provide even weight distribution for the slab One half barrelful of 
gravel and 1 sack of cement are requited for making the pillar founda¬ 
tions and mounting the pillars 
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0 cm thick. lt-is reinforced 
i/icrete mixture requrres 2 
avel. •" ’ 








FLOOR SLAB .V , 

, ' * , * * J •••»'■ * , * 

The flor slab has a diarffeter of 2 20 m a’ncUs 10 cm thitik It-is reinforced 
with 24 m of re-rod (V 6 ram). The 1 2.3 concrete mixture requires 2 

" V ’ 

sacks of cement and about 1 barrelful <dT gravel ' 


•>FIGUR€ 4. The Pillar « 
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'table-1 CONSTRUCTION Materials 

C ) l A BOR- R fe0U IREMENTS 
SICO - Staves 

p t 

- Pillar bricks’ 

> 

- Mounting pillars 

\ -- Floor Slab * 

" ' - Mounting silo wall 

- Plastering 

- cover slab 


3 man-days 
1 man-day 
1 man-day 
1 man-day 
0 5 man-day 
1 rnamday 
1 man-day 


For the form work. 29 large staves (3 more than for the silo wall) are 
placed temporarily around the outside of the pillars in a circle of 111 cm 
radius The staves are held in place with two wires with tighteners v^hich 
later will be used for the walls The round formwork is filled with diH or 
sand to the level of the pillars, dampened and tamped. The location of 
the outside corner of the pillars should be marked on the formwork to 
aid m later placement of the re-rod armature The inner face of the 
staves is lined with paper plastic or masonite to prevent sticking when 
the staves are later removed The thickness of the slab can be marked 
on the lormwot k also Tar paper or plastic must be placed over the pil¬ 
lars as a permanent moisture barrier 


RE-ROD ARMATURE (see fig 5) 

The re-rod armature requires four bars 6 m long - 6 mm %. To make the 
armature pattern first draw a circle on the ground with a radius of 1.05 
m Divide the circumference into three equal parts by choosing a point 
on the circumference and with the radius (1 05 m) mark off two points 
on the circumference, one on each side of the chosen point. From each 
of these two points once again mark off another point with the radius 
0 05 m) These last two points, with the inital chosen point divide the 
circumference into three equal sections From each of the 3 tri-section 
points draw an arc crossing through the circumference with a radius 
150cm 

tr 

The bar which forms the circumference is 6.60 m long requiring one 6 m 
bar and a onj meter piece which will be attached with 10 cm hooks bent 
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V ’ |lable-1 CONSTRUCTION Materials 

C) lABPRrRfeQUIREMENTS 

'* . * 

Slto - Staves 3 man-days 

to 

•<*> - Pillar bricks" 1 man-day 

- Mounting pillars 1 man-day 

\ -- Floor Slab ' 1 man-day 

" - Mounting silo wall 0 5 man-day 

- Plastering ' 1 man-day 

- cover slab 1 man-day 


For the torm work 29 large staves (3 more than for the silo wall) are 
placed temporarily around the outside of the pillars in a circle of 111 cm 
radius The staves are held in place with two wires with tighteners v^hich 
later will be used for the walls The round forrriwork is filled with dirt or 
sand to the level of the pillars, dampened and tamped The location of 
the outside corner ot the pillars should be marked on the formwork to 
aid m later placement of the re-rod armature The inner face of the 
staves is lined with paper plastic or masonite to prevent sticking when 
the staves are later removed The thickness of the slab can be marked 
on the formwork also Tar paper or plastic must be placed over the pil¬ 
lars as a permanent moisture barrier 

RE-ROD ARMATURE (see fig 5) 

The re-rod armature requires four bars 6 m long - 6 mm % To make the 
armature pattern first draw a circle on the ground with a radius of 1.05 
m Divide the circumference into three equal parts by choosing a point 
on the circumference and with the radius (1 05 m) mark off two points 
on the circumference, one on each side of the chosen point. From each 
of these two points once again mark off another point with the radius 
{i 05 m) These last two points, with the inital chosen point divide the 
circumference into three equal sections From each of the 3 tri-section 
points draw an arc crossing through the circumference with a radius 
150 c m 

The bar which forms the circumference is 6 60 m long requiring one 6 m 
bar and a one meter piece which will be attached with 10 cm hooks bent 
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at the ends of each of the two bars. The 3 arcs require pieces 2.80 m 
lono Thr throe straight bars which intersect at the center of the slab are 
.'30 cm long To cut the bars without unnecessary wastage of materials, 
carefully cut the bars into the following sized pieces 
1st bar 6 m not cut (for outer circle) 

2nd bar 0 m 230 ♦ 230 + 100 + 40 
3rd bar 6 m 280 + 280 + 40 

hh bar b m 280 + 230 + 40 (50 cm for bouchon circle) 

Hmo tjjmn 5 280 pieces to follow the 3 arcs Band 10 cm hooks at the 

■ '.os >'i fMi ii piece Also bend 10 cm hopks at the ends of the three 

. v , n i pin es and place them straight across the diameter of the circle 
« -i. » passing through the center and one of the three intersection 
p .'N v g the three arcs With fine wire, attach all hooks and intersecting 
P> ■'tv , r tti,i re rod armature Before pouring the cement for the slab, it 
v ”'pi>nant \<< place the armature in the formwork to assure that it fits 

trial ih t an intersection points cross over the pillars 
’ ’ < - ' n. mmi- vtiouid be mined so that it can be worked easily but does 
t n m The mside of the formwork should be wetted thoroughly be- 
* pi-ur.no the cement 4 cm of concrete should be poured and 
’.i" pni i»<*iofe placing the armature, making sure to align it with the 
' ,c •. mom .itmg the pillars Cover the armature with 6 cm layer of con- 
'< tr h r total of to cm and tamp well If the dalle is not well temped It 
win not support the weight of the ette end stored corn. Finally, smooth 
the surface and level If the surface is not well levelled it will cause prob- 
u-mv later in mounting the wall. It is extremely important to water the 
dalle 3 times per day for 7 days end dry in the shade. 

MOUNTING THE WALL 

■ no bottom slab should be allowed to dry at least a week before mount- 
1 '■ g Hu- wan in addition to the 91 large staves and 26 small ones, 1 roll of 

.? mm g«ivam/ed wire (4 kg) and 10 wire tighteners are needed. 

’ « a circle of 100 cm radius from the center on the slab The first 

u*>r» ( onsisis of 1 3 large end 13 small staves alternately placed around 
to« i u i it- w.th me smaller faces inside A thin layer of 1 6 mortar may be 
p 1 at to unot-r tr»e staves for proper seating The large stave with the 
•-mpi j iny bole must be placed in the bottom layer with the hole towards 


at the ends of each of the two bars. The 3 arcs require pieces 2.80 m 
'onq T he three straight bars which intersect at the center of the slab are 
.'30 on long To cut the bars without unnecessary wastage of materials, 
carefully cut the bars into the following sized pieces 
’st bar 6 m not cut (for outer circle) 

. net bar b rn 330 ♦ 230 *• 100+40 
3rd bar b m 380 + 280 + 40 

4ttr h,v b m 380 + 330 + 40 + (50 cm tor bouchon circle) 

Im-'mI tf h■ t^ir<H 5 380 pieces to follow the 3 arcs Band 10 cm hooks at the 
r ' mi .<f cacfi piece Also bend 10 cm hooks at the ends of the three 
. v ■ . '» puM r>s and place them straight across the dimeter of the circle 

* .1 > passing through the center and one of the three intersection 
o ' k v’f tho three arcs With fine wire, attach all hooks and intersecting 
p« ' t*. ^ t Pro ro rod armature Before pouring the cement for the slab, it 
■' '’’Pi-riant to place the armature in the formwork to assure that it fits 
an.i trial tn«- ar v intersection points cross over the pillars 

’ ’ '■> should be mined so that it can be worked easily but does 

: Mow The mside of the formwork should be wetted thoroughly be- 

* n p< wong the cement 4 cm of concrete should be poured and 

ho’ poo tudor»- pi a i mg the armature making sure to align it with the 

” ► • 1 siu «!1 1 ng the pillars Cover the armature with 6 cm layer of con- 

n to *of total of to cm and tamp well If the dalle It not well temped it 
win not support the weight of the silo end stored corn. Finally smooth 
the suftar e and level If the surface is not well levelled it will cause prob- 
u-nis i.pui in mounting the wall It it extremely important to water the 
dalle 3 time* per day for 7 day* end dry In the ehade. 

MOUNTING THE WALL 

1 '■«- bottom slat) should be allowed to dry at least a week before mount* 
■wg ih*. wall m addition to the 91 large staves and 26 small ones. 1 roll of 
- mm galvanised wire (4 kg) and 10 wire tighteners are needed 
' '. 1 . t a t.iK te of 1CX) cm radius from the center on the slab The first 
not r ( .onsists of 13 large and 13 small staves alternately placed around 
i».i i in ic- with the smaller faces inside A thin layer of 1 6 mortar may be 
piditro under itie staves tor proper seating The large stave with the 
i-mpi j ir,(j r.oie must be placed in the bottom layer with the hole towards 
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Photo «*ppik 0«nt2«h 

Staves field tn place with two wires; round formwork filled in with dirt or sand to 
evet nf pillars dampened and tamped and lined with paper or plastic to prevent 
nicking when staves are later removed. 

































the bottom of the silo: This stave should be placed to facilitate emptyifigjh, 
of the silo (i, e/ not next to the dryer chimney). No mortar is placed bet¬ 
ween the staves. At each 25 cm of height a retaining Wire is placed and 
tightened. For the bottom 25 cm, 2 wires should be placed 8 cm from 
the top and the bottom of the small'staves) (one above and one below 4 
the emptying hole). The tighteners should be placed only on the bottom ' 
of the large staves, and when tightened .should be centered on them. 
Each successive layer is made by placing 13 large bri'cks in the gaps un¬ 
til a height of 2.00 m (4 large staves vertically)^ is reached. The final layer 
is completed by placing 13 small staveshn the remaining gaps, held ig , s 
place by 2 wires 8 cm from the top and the bottem of the smalhstaves. 

COVER SLAB (see fig. 6) ; , 

The cover slab is li ke the floor slab except that it must haVe a filling hole. 

It should be 8 cm thick and-2.20 m in diameter. The 1:2:3 concrete mix- , ?v 
ture uses 2 sacks of cement, 1 barrelful of gravel. 4 bars of re-rod (0 
6 mm) are necessary.. Wry Vy 

The formwork is made by covering the top of the wall completely with 
boards and placing an upright collar of masohite held in place with hails 
3 cm outside of the limits of the walls. If the boards are not strong 
enough to support the weight of a man without sagging, they should be" 
braced from the inside. Paper or plastic should be placed completely 
covering the boards inside the masonite circle t6 prevent the concrete 
from sticking to the boards. , T 

The man hole (forentry and filling))formwork should be 20 cm inside the 
masonite circle. It should»be a 50 cm diameter circle made with maso- ; 
nite held in place with nails or an inverted basket. 

The reinforcing armature it the same as forthe floor slab except that 
space must be leftforthe man hole. Test the re-rod armature for-fit in the 
formwork before pouring,c'oncrete. A 4 cm layer of concrete should be 
poured and tamped before placing the armature. After completing the 
pouring, thfe slab should be tamped and smoothed out with a slight 

slope away from the entry hole. .' • -—— ---— - i L - -. 

A cover 6 cm thick and 10 cm larger than the man hole can be made with 
the concrete which is left over. The formwork can be a masonite strip or 
a hole lined with paper. A small re-rod armature should be placed in the 
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Photo - Erik Bentzen 

Mounting the wall: In addition to 91 large staves and 26 smgli ones, one roll of ■ $ 
3 mm galvanized wire (4 kg) and 10 wire tighteners are* needed; < : 














middle fo anchor a handle {see diagram). Curing and drying oTthe top } 

O'. 9 • ■'* fc ,3'<i „■» , 

slab are the same as for the. bottom slab except t^atextrapare should be « 
t&ken tb assure,that the slab is dry before removing the formwork (at-- 

• 71 : '• ■ : v;- ■■ :' • * a , t *. ' • 

L least 10 days). It is easiest to remove.the boards through the-use of le¬ 
avers. Care mu^be taken notto'axeft pressbre-on the;strip between the 
entry hole and outer wall as this is the weakest point of the slab. 

After taking out the boards for.the formwork, the space between the 
cover slab and the upper wajljs shoulcbbeblosed with aricjji mortar. Fi¬ 
nally, a ring of mortar should’be placed around the man hole, covered 
with paper, and the cover.seated on it. This will provide a raised horizon- 
tel joint to prevent the entrance of,water around the hole. ' 


EMPTYING HOLE PLUG AND ANTI-THEFT SYSTEM: 

The plastic plug can be mortared into place, taking care that it is not 
placecfso far into the wall to prevent u'nscpawing it. Anti-theft devide 
(see fig. 7): with three 40 cm pieces of re-rod remaining from the bot¬ 
tom and top slab armatures, two^binge^aind one clasp will be made for 


the anti theft devide. Bend each piece into a “11”, theTiinges with 5 cm 
between the legs of the “U” and the clasp with 3 cm. With the 5 cm 

■ hinges bend the legs perpendicular to th'e “U " 5 c m from the bo ttom o f. 

"theCU”. With the 3 cm clasp, bend each of the two legs in opposite di- 
rectiopa, parallel to the “U”, 5 cm from thebottom of the \'U”-: With the 
3 cm clasp, bend eachof the two legs in opposite directions,, parallel to 
' the “U”, 5 cm from the bottom of the “U”. Next, with the bottom re¬ 
moved from one of the dryer barrels, cut a piece 20 cm wide and 25 cm 
long. Pierce two'holes on one’of the 20 cm sides 2 cm in from the side 
and 4 cm from each end. One hinge will pass through each of these 
holes. Next cut a slot 5 cm long and 1.5 cm wide,-centered on the other 
20 cm side of the metal plate, 3 cm in from the edge. Slip the ends of the 
bottom hinge under the first wire on one side of the emptying hole and 
the top hinge under the second wire on the same side. Next hook the 
two legs of the clasp under the first and second wire on the otherside of 
the emptying hole. Adjust the placement of the hinges and clasp so that 
the plate will swing easily and close”over the clasp. 












1 . Photo - Erik Bejitzeh 

To make cover slab (with filling hole) two concentric masonjte forrris are held in 
place with nails atop wooden planks and filled with 8 cm concrete including rein¬ 
forcing armature. 

















•me^ro-ctar applied^tb^Iti^ exterior of tsi|o-\waIl3S^/iIt'seCure the aftit- 
thfft.assembly hnVfilace. To assurertigdf^falin'y of tjpie’ emptying, hole 

*' /S ' ' * .•!*«, J - x V * *. ,.* v % 

ijjp.g the plastering sfhdtfra ^^bne/calrefu^. Ground ‘it. • 


PLASTERING 


Can be done before or after the placement of tbe cover slab. The outside 
walls should be plastered 2 cm th'ickwftfi $ 1: 6-8 mortar mixture.,The 
inside joints should be closed'Jwith a cement wash or plaster to keep 
#ain fromjodging'in the joints and to decease the permeability. One 
sack of cemen-tis required for plastering and closing the int^ridr joints 


PAINTING. 

Before the silo can be used it should be allowed to dry for at'least one 
month. The permeability of the silo can be further decreased by the ap¬ 
plication of coalter. The painting should be.done sodhat it covers the \ 
outside surfaces of the silo wall and the cover slab. The interior floor 
snould be painted also, if painted; it should be allowed to dry for at least 
two weeks before'storing corn to prevent sticking. The plastering 
should be allowed, to dry at least 2 weeks before painting,vyith coaltar. > 


CONSTRUCTION OF THE 2.5 T SILO (see fig. 8) a ■ 

Silos can be built with the same basic design as the 4.5 T silo by varying 
the height of the walls, by varying the diameter of the bottom slab (see 
table 2 ). 

The 2.5JT silo is? o'f the same basic construction as the 4.5 T silo with cer£~ 
tain modifications due to its smalter size. Due. to its smaller capacity, the 

2.5 T silo is primarily useful for farmers with smaller production 
capabilities especially where a cooperative^ dryer is available. Silos 
smaller thah 2.5 T become less economical.'.This 2.5 T silo has an in¬ 
terior diameter of 1.50 m and.an interior height of 2 J m giving a volume of 

3.5 cubic meters. .\ 
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TABLE II: SILO SIZES AND CAPACITIES' 


Diameter * 

■' Height 

.Volume 

Capacity 

(Corn) 

f^umber of 
Large 

staves . 

Small 

1.5Q- ; m 

1-.00 m 

1.77 m 3 

1325 kg' - 

33 

- 22 -- , 

1.50 m ' v V 

* 1.25 m 

2.21 m- 1 

1650 kg 

‘ 1 44 

22 % a. 

1.50 m 

1.5Q m 

2.65 m 3 

/ .20b"kg 

• * a > 

.22 

■4.50 m 

. ; % 7 5 m. 

3.09 m 3 .; , 

2325 kg 

66 v y 

^2 

'1*50 m / 

* 2.00 m 

, 3.53 m 3 ' 

a 2650-kg , 

.7 77 " • 

22 ? . 

2.00 m ■ 

1 00 

» 3.14 m 3 

2350 kg 

39 7 

26 

2.00 m. , .. 

. v 1.26 m 

3.93 m 3 

2950 kg 

52 

26 

2.00. nv- 

' 1.50 m 

4.71 pn 3 

*3625 kg 

65 

26 

2.00 m 

1.75 pr\ 

*5.50 m 3 

4125 kg 

; 3 78 •• 

26 

2.00 m L 

.2.00 or 

6.28 m 3 

- 4600 kg 

91 

26 

The total 

‘height o"f th.e silp from ground level is 

2.5Q m (same as 4.5 T) 


and the total diameter of the bottom stab is 1.70 m. “ 

* 3 .y ' 

The material requirements for .this silo are given'in Table 1. 

P'rLLARS 

The 2.5 T silo requires 3 pillars (18 pillar bricks 14 x 30 x 20). The holes 
forthese pillars are centeredl5n the trisection pbints of a circle of radius 
60 cm from the slab center. The pillars are mounted with the outside 
corners 81 cm from the slab center., 

the formwork for the floor slab of the 2.5 T silo is built in the same way 
as for the 4.5 T silo, placing the large staves upright, or^a^aircle of radius 
86 cm. around the outside of the pillars. Twenty five large staves are re¬ 
quired to complete this circle. 

RE-ROD ARMATURE 

The patterns for the slab reinforcing armatures are shown in figure 8. 
. The armature requires 2 bars of re-rod used as follows: trace a circle on 
the ground with radius 80 cm. Concentric with this circle trace a circle 
of radius 45 cm. Tri-spet the 45 cm circle and place stakes at the trisec- 
tion points. One bar of re-rod is bent and cut to fit along the 80 cmouter 
circle and the other bar is cut into 3 pieces (each 2 m long). These 3 
pieces are bent in smooth curves so that each piece touches two of the 
stakes, and each end hooks around the cuter circle. The armature for 
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here are two completed 4.5 ton cement stave silos; part o 
ociation in Benin, West Africa. 
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the coverjslab is the same except the inner circle has a radius of 35 cm 
to allow space for the man hole. The 2.5 T silo slab is poured in the |ame 
mannenfas the 4.5 T silo slab with a thickness of 10 cm, requiring 1.5 
sack ot cement. 

The sill) wall requires 77 large and 22 small staves which are made with 
smallelr width molds whose dimensions are given in table 3. Four sacks 
of neraent are needed f.or the stave fabrication. The wall is formed by 
placing iTTarge and 11 small staves alternately on a circle of diameter 
1.50 m centered on the slab. 

INSTRUCTIONS FOR THE USE OF YOUR SILO 

If you want to be sure to have good quality storage of your harvest, it is 
important to understand the proper way to use your silo and dryer. To 
use them correctly isn't difficult or complicated, ft simply needs care, 
and attention at the right times. 

I. The Shelter 

The silo and dryer must have a good roof over them to protect them 
from the rain. Before you start construction, you must build a good, 
solid shelter. It is very important to frequently check the roof covering 
the silo,and dryer to make sure that there are no holes in it which will let 
rain water fall on the silo or dryer. Any holes should be repaired im¬ 
mediately since rainwater will weaken the dryer wall, and can seep 
through the silo causing the. grain to rot. 

II. The Silo 

1. After completion of the silo, it should be allowed to dry for at least 
one month before beginning storage. If the silo is painted with coal 
tar, this should be done after letting the wall mortar dry for two 
weeks. In this case, you should waitat least two more weeks, forato- 
tal drying time of one month, to allow the coal tar to dry on the silo 
floor to prevent grain from sticking to it. 

2. During the entire time of storage, the silo filling and emptying holes 
should be well sealed. Each time you add grain to the silo, it should 
be carefully re-sealed. This can be done with cement mortar or ban¬ 
co. Banco is less expensive and easier to use. If the emptying hole 
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does not seal tightly, it can be well sealed with melted candle wax or 
banco. 

3. Shortly before the beginning of storage each year, someone should 
get inside the silo to clean it and checkfor cracks in the walls. These 
can be easily seen because light will pass through even the smallest 
cracks. If any cracks are found, they should be carefully covered with 
a mixture of cement and water. 

4. The proper use of insecticide is essential for grain storage in your 
sHo. Even though the silo is completely closed and insects cannot 
enter to attack the stored grain, there will always be some insects in 
the grain at the time of filling. The insects not ohly destroy the grain 
by eating it but cah cause conditions leading to rotting. This makes it 
necessary to properly employ insecticides to assure that all insects 
in the silo are dead. 

The two basic kinds of insecticides are 

1) those in powder form (contact insecticides) which are mixed 
evenly with the grain and 

2) the fumigant or gas form which is used only in closed containers 
like a weil-sealed silo. 

(Liquid contact insecticides are not very practical for smallscale grain 
storage. They are difficult to apply evenly and since they are mixed with 
water, this increases the moisture content of the stored grain and can 
cause rotting if done improperly.) 

Powdered (contact) insecticides must be mixed very evenly with ev¬ 
ery sack or basket of grain emptied into the silo. This means that if 
powdered insecticides are used, each load of corn removedtrom the 
dryer must be treated individually. It is impossible to treat the grain 
with this type of insecticides once the silo has been filled, without 
emptying it completely and treating during the. refilling. 

It is very important to understand that there are insecticides which 
"'are safe to use on food which will be eaten by nfemor animals and 
that there are others which are to be used ONLY on plants like cot¬ 
ton which, are NOT TO BE EATEN. Insecticides commonly used on 
cotton like 45-12, Endrine and HCH are very Strong and can cause 
people or animals to become sick or die if used b‘n thejr-foods like 
maize or beans. For this reason, jt is very important to ask your agri- <5 
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cultural agent to help you select and apply insecticides whenever 
Aou use them. 

J It is very impdftant to READ AND FOLLOW THE DIRECTIONS for any 

insecticides used. The exact recommended dosage should be ap¬ 
plied. Less than the recommended dosage will be ineffective and too 
much wjill not only be wasteful and expensive, BUT COULD BE 
DANGEROUS. NEVER use an insecticide you don't know or that you 
haven't asked r your agricultural agent about. 

The easiest and recommended insecticides to use in your silo is the 
fumigant or gaseous kind. Testing done by agricultural experts in Benin 
has found PHOSTOXIN to be one of the most convenient and effective 
forms of fumigant insecticides to use in your silo. This can be purcha¬ 
sed only through your agricultural extension agent or a approved sales 
agent. PHOSTOXIN is a very poisonous gas which kills the insects in the 
silo when they breathe it. It is in a small tablet which turns into a poison¬ 
ous gas when it is taken out of its specially sealed can and exposed to 
the air. However, the gas can kill people or animals too if they breathe 
enough of it. Therefore, it must be used carefully. 

When the silo is filled and ready to be treated, the tablet is taken from the 
can and wrapped in paper or leaves, dropped into the silo on top of the 
grain and the silo cover is IMMEDIATELY sealed with banco. In seven (7) 
days the gas wilt become harmless and only powder will remain wrap¬ 
ped up in the paper or leaves. Three to six (3-6) tablets are used for 
each ton of grain stored, depending on the level of insect attack. Each 
month, the emptying hole should be Opened to check to be sure that the 
corn is storing well and that no insects are alive inside. Every two 
months, a new treatment should be made. When emptying the silo, the 
paper or leaf packages of insecticide dust should be taken out and 
buried where children or animals will not dig them up. 

When you open your silo, if it seems very warm inside or if there is the 
smell of rotting corn, the silo should be immediately emptied and the 
corn should be re-dried. This can happen if the corn is not well.dried so 
care should be taken to dry the corn correctly the first time before put¬ 
ting it in the silo. 
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* CLOSED STORAGE SYSTEMS (Continued) 

, AflODEL 4 - CEMENT BLOCK (Square) SILO 

The “Tori-Cada” Square .Cement Cilo was also developed in the West 
African State of Benin. Originally it was built as ah alternative to the 
more costly metal bins. Although this model has not been as extensively 
built,.tested, or used as the other Closed Storage Systems discussed in' 
this Manual, it is thought to have considerable potential. The Square 
type Cement Silo has the advantage, in comparison to the round silo,, 
that ins easier to build, and the Hhethod is already well known to Jocal 
craftsmen from “the construction of houses. On the other hand the 
round silo requires less building materials than the square one. 

Each bin or silo can be made with a storage capacity ranging from 1 to 7 
ton. Standard height is 2 m. To make the silo air-tight each bireis cov¬ 
ered by planks of reinforced concrete. 

^ A. 

Figure 9 shows the details.oi the wall construction. Besides'the founda¬ 
tion there are 2 layers of reinforced concrete in the walls, one in the 
middle and one on the top. The concrete floor has a layer of tar paper to 
prevent water from penetrating into the silo. The walls are plastered on ( 
both the inside and the outside and painted with coal taron the outside 
to make it airtight and moisture proof. The posts that support the roof of 
the hangar are made of reinforced concrete and placed in the corners 
between the silos. 

The standard hight ins 200 cm as mentioned before, the other interior 
dimensions are as follows: 

- Capacity 1 ton : 80 x 80'em 

- Capacity 2 ton : 115 x 115 cm 

- Capacity 3 tom: 135 x 135 cm 

- Capacity 4 ton : 160 x 160 cm 

- Capacity 5 ton : 180 x 180 cm 

- Capacity 6 ton : 195 x 195 cm 

- Capacity 7 ton : 210 x 210 cm 

Naturally the construction price is lowest per tpn for the largest silo (7 
ton) but it is also cheaper per ton to build 4silos (bins) together instead 
of only one. 



FIGURE 9 - Cement Block (square) Silo 
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Given below is a detailed.description for constructing a single unit Ce¬ 
ment BloGk (Square) jBilo with a 5 ton capacity; 

' This silo when constructed has interior dimensions of 1.80 x 1.80 x 
2.70 m, which gives asaid capacity of 5 tons. The silo is built primarily 
Out of regular construction bricks 40 x 20 x 10 cm. The design uses 
building techniques that nearly any local mason already knows. 

Once the materials are at the site, building can commence. The first 
thing to do is dig a hole for the foundation. Select a spot that is level, 
well-drained, and on solid ground. Trace out a square 2.20 x 2.20 m on 
the ground, then trace another square with dimensions 1.60 x 1.60 m in¬ 
side tne tirst square. Between the two squares will be a space 30 cm 
wide. Dig this space out to a depth of 40 cm. Once this is done, pour a 
layer of concrete (1 part cement: 2 parts sand: 3 parts gravel) in the hole 
to a thickness Of 30 cm. Water and cure this layer for a few days or a 
week if possible. 

Once the foundation'has cured, put a little layer of mortar down. Upon 
this bricks wfll be placed until they mount 20- 40 cm from ground level. 
The bricks are placed on their 20 cm wide sides so as to form a wide 
base.for thg^wall to come later. Depending on soil and humidity condi¬ 
tions, there will be 3-5 layers of bricks. When the appropriate level has 
been reached and the mortar has cured some, the space formed by the 
square of bricks can be filled with di^fto a level 8 cm less.than the top of 
The bricks. The dirt should be well tamped and leveled. This hole is then 
filled wjth 8 cm of concrete (1: 2: 3) til it is exactly level with the top of 
the bricks. Be sure and water the concrete "three times a day for seven 
days so it will cure well. 

When the concrete has cured, cover the entire area of bricks and con¬ 
crete with tar paper. Over the tar paper a smooth and level layer of mor¬ 
tar (1 part cement: 3-4 parts sand) is laid down. This will be the floor of 
the silo/The tar paper’s function is to keep ground moisture from com¬ 
ing up into the walls and floor of the silo. Any such moisture would rot 
the corn. 

v After the mortar has cured, mounting of the walls may start. Th.e bricks 
are now placed as they normally are in a wall- with the 20 cm side verti¬ 
cal. Leave 5 cm between the outside of thefloorand the bricks. This will 
give the desired interior dimensions of 1.80 x 1.80 m. The brick layers 
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should be mounted with the joints between brick layers staggered so as 
to avoid cracks. At each corner the bricks may be staggered or, if the 
roof is to be supported at each corner of the silo, a space may be left for 
the eventual peuring of a concrete corner pillar which would also hold 
the bricks in place. ^ 

The bricks are mounted to a level of one meter or five bricks ffygh. At this 
time a layer of .concrete 10 cm wide and 20 cm high is poured. Rerod 
reinforcement is used. Four 8 mm rerods go the length of the wall and 
are held in place by bands of 6 mm rerod. The four 8 mm rerods form a 
rectangle 15 cm high and *5 cm wide^This layer of rerod helps to rein¬ 
force the wall against the grain’s weight. 

> 0nce the concrete layer has cured enough, the wall of bricks may be 
'continued. Five or six additional layers may be put orrthe concrete mid¬ 
dle layer. At, the desired level another concrete layer- 10 x 20 cm is 
poured. The rerod .pattern and concrete mixture are the same as in the 
other layer. The only difference between the twol'k^rs-isThe-addltion-o-f 
a concrete piece crossing the middleof the silo. This piece Will be the 
support for the top slabs that cover the silo. The middle cross piece is 
1.80 m x 20 cm x 20 cm and is reinforced with rerod. 

While the concrete layer is drying, the silo may be plastered. The inside 
and outside should be entirely plastered. A 10—T2xm plastic-pipe cap is 
fitted into one of the lower outside walls in order to empty the silo. A 
brick may be made with a hole already in if or a hole may be dug into a 
brick afterwards. ‘ ■ 4 } 

At the.time the concrete flooring was poured, the two top slabs for the 
silo could have been poured. These cgnsiSt of two 2.00 x 1.00 x 0.60 m 
slabs. One of the slabs must have an entry fjole either 50 x f$ cm square 
or 50 cm ip diameter. Formworks made on the ground iffwhich the two 
slabs are poured. A grid of rerod is made with the 2 m'lehgth using 8 mm 
bars and the 1 m width using 6 mm bars. Spaces of T5- : 20 cm'are left 
between the bars. , • . 

As mentionned, one slab must have an entry hole. Thus, one grid must 
leavaspace to accomrpodate the hole. A mixture qf concrete (1: ;2:3) is 
poured first to a 2-3 cm depJJj*. The rerodgrid is placed,'!hen the rest qf 
the concrete is pouted to a 'depth no greater than 6 cm. The proper 
depth must be maintained if the slabs are s to be lift‘d in*place by men. A 


small cover slab for the entry hole should also be poured at fhe same 
time as the two top slabs. A rerod handle should be placed to facilitate 
handling of the co ver slab. All three of these slabs should be cured by 
watering three times a day for seven days. When the slabs have cured, 
they may be lifted in place and mortared to'the wall and each other. 
Once.the entire silo has dried for two or three weeks,.it may be painted. 
This could be dons in a couple ways. The outside of the silo and the in¬ 
side floor might be painted with coal tar. If sun shining on the silo will be 

-i 

a problem, the outside might be painted with whitewash and the inside 
wiih coal tar. If sun and rain are no problem, the outside could be 
whitewashed. I he interior also might be whitewashed to make the silo 
interior brighter when the silo is opened. 

As mentionned earlier, the corners of the silo might be made out of rein¬ 
forced concrete that projects beyond the top of the silo. These corners 
could then support the roof. Otherwise, a separate roof could be bui[t in 

-order to protect the silo against sun-and rain.., 

To protect against people stealing grain out of the silo, rerod or flat 

o' ” 5 

pieces of metal could be put in the bricks, around the emptying hole. 
One piece could hinge across the hole and lock to the other piece. The 
not too serious robber of grain would thus be deterred. 



Shown he 
West Afric 









WORKBOOK EXERCISES 


■* 1. What are the principal advantages to using a closed grain storage'- 
•■system? 







. .4 ■ . 

2. Are there any closed storage containers currently^ use in your 
area? 

If so, what types are th'ey°and how much grain can be stored in 


them? 



\ 


Notes: 
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CHAPTER VI; 

CONSTRUCTING AND USING YOUR DRYER ' ^ 

Farmers throughout the world have long recognized the need to dry 

their cereal grains. Try to put yourself in the farmer’s place and take a 

Ip ok at the methods currently used by him. , ’ TTY;. 

-\ Do-his present drying methods produce'satisfactory results? If they 
do, why change therp? If they do not work, why not? ' ' 

- By using improved drying methods can he harvest earlier and get his 

land ready sooner for a new crop? . , 

- Would he be able to maintain a new drying machine? Could heYix it if 
it broke down? Dpes he have enough time to operate it'? 

- Would the initial cost of the dryer be easy for the farmer to recover 
because with better, more controlled drying it means he will eventu¬ 
ally make more money from the sale of his grain?" 

- Would it be more advisable for him to join a group of farmers apd pay 
for the cost of a dryer with a group? Or does the farmer dry enough 

; grain to make use of a dryer by himself? 

In this section, four different drying methods are presented. Three emp¬ 
loy the principles of solar drying and one involves the use of oil barrels 

which are heated with/a fire." ' • c 

- • < 

1. Traditional Sun-Drying > 

The oldest and most widespread method of drying grain is sun-dry¬ 
ing. You should look first'at the Ipcal techniques of sun-drying in 
your area. How much work is required of the farm family? What are 
■ i the losses and inconveniences? In drying maize, for example, the 
simplest method is often to leave the maize in the field until the mo is- 
ture content has dropped sufficiently for storage. The principal ad¬ 
vantage of this method is that the grain is subject to direct attack by 
grain-eating insects, birds or rodents. 

Another traditional way of sun-drying maize is to leave the cobs or 
shelled corn on a flat piece of ground in the sun. Experience has 
shown that this method also doesn't achieve the best results be¬ 
cause there is too little movement of air close to the ground, and 
consequently the drying takes longer. Besides, dust or stones may 




be taken up with the'crop and contaminate it. It is always worth re¬ 
membering that clean grain is essential for proper storage! ,• 
However, improvements can be made involving even the simplest 
traditional methods. Rather than dry grain directly on the ground, 
where the=g-rain can pick up moisture from the earth, you can intro¬ 
duce the farmer<to using a plastic sheet." You will probably need a 
sheet about 10 m x 3 m. It is recommended that the plastic be at least 
.004 gauge thick. , s 

a'*'?' ’.. 

- Build a mound of hard-paeked earth on which to place the plastic. 
If you use level ground, build a dike of earth around the area on 
which the plastic will be placed to protect the drying grain from 
water. 

- Make sure there are no rocks, wood and sharp things on the 
ground where the plastic will go. Plastic tears easily. 

- Place the plastic in the prepared place. 

- Attach the narrow end of the plastic to straight poles made from 
bamboo or other smooth material. 

- Put clean grain on the plastic. Do not make the grain more than 
5 cm deep. 

- Stir often so the grain will dry faster. Turning and stirring make 
sure all parts of the grain are-touched by air and sun. 

- The rake or other tool used to stir the grain must have smooth, 

rounded edges. This tool then will not damage the plastic or the 
grain. . j I 

- As the grain dries, moisture from the grain collects on the plastic. 
After the grain has been drying for two hours, push all the grain to 
one half of the plastic. 

- Let this plastic dry for five minutes or so. 

- Push all the grain to the other half of the plastic that is now dry and 
let this half dry for five minutes. 

- The plastic sheet should be aired in this way every two hours while¬ 
drying is going on. 

- Cover the grain at night. Push all the grain to one end and fold the 
plastic over as a cover. 




2 . Solar Drying 

Increasing attention is being given to improved methods of solar 
(sun) drying. Although there are several distinct advantages in using 
solar dryers, i.e., you do not require any fuel (which in many develop¬ 
ing countries is becoming increasingly scarce, especially fire wood), 
the drying time is reduced, and they can be used to dry other crops 
such as cassava, fruits and vegetables; they.also have certain draw¬ 
backs - the most important being the extremely high temperatures 
which build up (65-80°C) inside the box under the plastic sheet. 
Such high temperatures damage grain like rice (which tends to crack 
at temperatures above 50°C) and also seed grains. 

From the information provided in Chapter II concerning basic princi¬ 
ples of d ryi ng, it is possible to arrive at a set of requirements for effective 
solar drying of grain in humid climates. These are: 

1) Bot the material to be dried and the surrounding air should be 
heated. 

2) Thereshould be maximum possible movement of air over the sur¬ 
face of the material. 

3) The surface area of material exposed to the aigstfould be as large 

as possible. / 

It is not possible to attain requirements If and 2) with traditional 
methods in which material is directly exposed to the sun. Some form 
of enclosed drying system, in which the material to be dried and the 
air surrounding it can be heated significantly is needed. 

It is nevertheless possible to fulfil these requirements using simple 
equipment which traps the heat of the sun, but which, at the same 
time, encourages air movement by convection of heated air. Equip¬ 
ment of this type can be made simply and cheaply using materials 
which are generally readily available in developing countries. 

A. General Description of Partially-enclosed Dryers 

The partially-enclosed sun-dryer is a structure which actsas a heat trap, 
but which is also provided with ventilation openings to allow air to move 
through the dryer by convection. 

Two of the models described in this WORKBOOK (Nos. 1 and 2) are sim¬ 
ple, box-like structures, provided with upper and lower ventilation 
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openings, and closed with a cover of transparent polyethylene film. The 
cover is “double glazed”, i.e., it is made of two layers of film with an in¬ 
sulating air space in between. The box .itself is constructed of material 
which will provide adequate insulation to prevent the escape of heat. All 
interior surfaces are painte.d matt-black to achieve maximum absorp¬ 
tion and retention of heat. Material to be dried is supported inside the 
dryer on perforated trays which can be of wire netting or woven from 
local material such as papyrus reed. 

Air movement through the dryer is achieved by convection. As the ma¬ 
terial to be dried and the air surrounding it becomes heatet,-t-he-hot air 
rises and escapes through the upper ventilation openings, resulting in 
cooler air being drawn in through the lower openings. There is thus a 
constant movement of heated air over and through the material being 
dried. Air temperature inside the drier in bright tropical sunlight will 
usually be twice that of the outside air. Drying temperature can be con¬ 
trolled by opening or closing the upper ventilation outlets. 

i 

B. Advantages of Partially-enclosed Dryers ./ 

The major advantage of the partially-enclosed sun dryer is, of course, in 
its ability to generate the high temperature and air movement essential 
for effective drying in humid climates. However, as mentioned earlier, it 
also possesses a number of distinct advantages over traditional “open” 
drying methods, even in areas where high humidity is not a serious 
problem. Some of these advantages are: V 

1) The dryer is rainproof and can be left in continuous operation with¬ 
out attention, and without the necessity for covering'up drying ma¬ 
terial or removing it into shelter during Showers. / 

2) The higher temperatures possible with this type/of dryer greatly 
speed up the drying process, not only giving a much greater output 
than open methods, 'but also eliminating the possibility of mold or 
microbial spoilage which is common with open drying methods. , 

3) As well as protecting the drying material from rerwetting by raip, the 
covered dryer also gives protection from dust and dirt, from attack 
by birds and rodents, and from insect infestation. 

4) The high temperature to which the material.is subjected Will effec- 


tively kill or drive off any insect infestation which may be present in 
the material as it comes from, the fields. 

The partially-enclosed dryer will, therefore, produce a well-dried, clean 
and pest-free procfuct which will be in excellent condition for prolonged, 
storage or for immediate use. 

C. General Remarks on Construction of Dryers 

Instructions and sketches showing constructional details of two mo¬ 
dels are given in the following pages. However, since it is intended that 
these dryers should be made from whatever materials are most readily 
available locally, it should bemoted that such details as to dimensiohs 
which are given are meant for general guidance only, and local adapta¬ 
tion in terms of changes in length, width or depth will not affect the effi¬ 
ciency of these dryer. The sketches for Models 1 and 2 are based on a 
' useful practical working size of 8 ft. in length, 4 ft. in width, and 9 to 12 
inches overall depth. While there is a limit to which internal depth can 
be reduced, changes in area can be made to suit local’conditions, and 
dimensions of materials available. 

The dimension which is of importanpe, and which should be adhered to 
as closely as possible, is the thickness of insulation on the Model 1 box- 
type dryer. Where wood shavings, wood wool-, dried grass, leaves, or 
similar material is being used, a minimum thickness of 2 inches should 
be used. Also, for practical reasons, the internal depth of Models 1 and 2 
should not be less than 6 inches. 

D. Construction of the Model 1 Dryer 

Details of the construction of this model are given in Figures 1 to 5. As 
will be seen, it consists of an outer box and an inner box. The dimen¬ 
sions of the inner box are at least 4 inches less in length and width, and 
at least 2 inches less in depth than the outer box. The space between the 
boxes is packed with suitable insulating material. Lower ventilation 
holes are drilled through the bottom of the boxes (and through battens 
fitted in the insulation space for this purpose), and slots are cut in the 
upper edges of the sides of the box to provide upper ventilation open¬ 
ings. The dryer is supported about 6 inches above the ground on four 
legs (which also form the main corner members for the box). 
































FIGURE 3a 













FIGURE 4 
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Steps in Construction: 

Rememberthatitisaveryuseful practice to re-check all measurements 
and markings on timber before cutting. Follow the maxim “measure 
twice and'curt once”. 

First build t|le*outer box as follows: 

1. ‘Cutjeg pieces, side, and end battens to size, and join together to 

rpake the basic frame. The type of joint illustrated in Figure 3 a can be 
used if basic carpentering skills are avilable. Otherwise the pieces 
may simply be butted together "and joined by driving long nails or 
screwnails. All nails should be driven home so that heads are flush" 
with the surface of the wood. 

2. Cut side and end pieces (these can each be one single piece or plank, 

or a number of narrower pieces). If a number of narrow planks are 

being used to cover the outer sides and ends, these should not be 

simply butted together edge to edge, but should be “weather- 

boarded’ 1 as shown in Figure 3b, so as to deflect rain and avoid wet- 
* » 
ting of insulation. When this form of construction is used, the gaps 

between planks and frame members should be filled with plaster, 

mud, or putty. If tongued and grooved planks are used, these shoifld j 

be fitted tongue uppermost to prevent rain getting into the joint. 

3. See Figure 4. Nail end pieces to legs and end batten and then nail/ 
side pieces in position. Cut bottom pieces (to full length and width qt 
box). Cut out corners so as to fit around legs and nail in place/to 
lower edges of side and end pieces. 

4. Cut and fit air inlet battens, nailing through from the ends and bot¬ 

tom of the box. When nailing, take care to avoid sites of the / holes 
which will later be drilled through these battens. / 

Next, put insulating material in place and complete the inner pox in the 
following manner: ' / 

a) See Figure 5. Cut inner panels to size, the length of th,e inner side 
panels will be the internal length of the box betwe'en the end battens. 
The depth of side panels will be the internal depth frorrj bottom of 
box to upper edge of side batten. The length of the side panels will 
be the width of the box between the leg pieces less the combined 
thickness of the two side.panels. The depth of end panels will be the 
distance from the upper edge of the side batten to the bottom of the 
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slots cutOn the air-inlet battefts/The length of the bottom panels will 
be the length of the box between the end of the battens less the 


combined thickness of the,two end pieces. Its width will be the widt 

i , ' -\ 0 . 

of the internal end panels. * . j : 

b) Turn the box orPto one side and pack in the insulation on that side so 
that it is slightly above the level of the legs and side batten. Nail the 
inner side panel in place to the side batten and legs and through the 
bottom of\the box. Repeat this process for the other side and two 
■ . ends. 1 ’ ’ \ T . • , ’• 


c) Mark the center lines on th^CflMet battens on to the end pieces so 

that ;, the marks will be vij^^^BPce the internal bottom panel has 
been fitted. Pack insulatiomnplace on the bottom of the box up to 
the level of the air-inlet battens, and nail the bottom panel(s) in place 
to the air-inlet battfens (again avoiding the sites of holes’fo be drilled 
later). * ' \ 1 • ‘ . 

d) i Mark the center lines of air-inlet battens on the bottom panel(s) and 

mark off position of holes. Drill through from the inside to the bottom 
of the box. » *J , •' 

e) Mark the position of the air-outlet slots on-the upper sides, cut the 
sides of each slot with a saw and chisej out the slots. 

f) Paint or stain the internal surfaces of the box with a dark color, pref- y 
erably matt-black (black-board paint is useful, for this'purpose).’ 

Treat the extbrior of the box with wood preservative (if available) and 

paint with gloss paint or marjne varnish (if available). o: 

© . 

- / ' . .y-- 3 

* * ■ ‘ - , 5 . ^ y . 

E. ; Construction of Cover for Models 1 and 2 Dryers a 

The same type of cover is used for both these dryers. It consists of a 
simple rectangular wooden frame with a central ridge piece, which js 
covered with a double'layer of polyethylene film. Details of construction 
of the cover are shown in Figures 6 an 7. , ' '' 
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Tools and Materials 

Tools needed: ” Saw (preferably tenon saw), screwdriver, sharp knife 
or scissors, try square, marking gauge. 

Materials: Lengths of timber 2" x 3 U" or nearest. Transparent 

polyethylene film (preferably 0.005 in. or heavier). 
Screwnails, ( s /8" x 8s C.S.). Blued tacks (V 2 "). or large 
office stapler. 

•3 

TOOLS AND MATERIALS 

Tools needed: Hammer, screwdriver, try square, saw, brace and T- 
wood drill, 3 k" wood chisel. 

Materials: ' Wooden planking or plywood for sides, ends and 
bottom of boxes." 

Lenghts of timer 2" x 2’/z" for legs, and 2" x 2' for 
side, end and air-inlet battens. 

Insulating material, e.g., wood wool, dried grass or 
leaves, coir fibre, etc. 

Nails and screwnails of appropriate size; 

Matt-black paint or other suitable black staining 
material, e.g., charcoal. 

’ Wood from old packing cases is very useful for this purpose. 

Steps in Construction 

The frame should be made so that its overall length and width are each 3 

inches greater than the box to be covered, i.e., so that it can overlap the 

box by I-V 2 " in each direction. 

1. Cut the frame members to length and assemble as indicated in Fi¬ 
gures 6 and 7. N.B. After construction is completed, the frame should 
be allowed to dry out in the hot sun before the cover is applied. The 
cover should be'applied while the wood is still warm and at a time of 
day when humidity isekpw. These precautions are necessary to prev¬ 
ent condensation occurring between the layers of polyethylene, thus 
“fogging” the cover. If, despite this precaution, some fogging.does 
occur during use, withdraw tacks or staples from a short length at 
each end of the cover, open up the polyethylene to allow moisture to 




escape while the dryer is in operation, and then ref as ten the 
polyethylene in place. 

2. Cut a piece of polyethylene sheet for covering the lower side of the 
frame so that it is 3 inches wider and 3 inches longer than the frame. 

3. Turn the frame upside down and lay the polyethylene„sheet in place. 
Fold one side of the polyethylene back on itself to form a triple-layer 
seam 3 V' as shown in Figure 7b (i). 

4. Starting at the middle of the frame and working progressively to¬ 
wards both ends, stretching the polyethylene lightly but firmly 
lengthwise, tack or staple through the seam at 3" intervals to fasten 
this edge of the polyethylene to the frame. N.B. Do not overstretch 

the polyethylene. Polyethylene will “give” and distort if fingertips 

% 

are dug into it, and such distorted areas are likely to perish during 
use. It is preferable that polyethylene should be sligthly loose 
rather than overstretched. 

5. Repeat this process at the other side of the frame, stretching the 
polyethylene across the frame as tacking or stapling proceeds. 

6 Fold similar seams at each end, and tack the ends of the sheet to the 
frame, tucking the polyethylene neatly at each corner and fastening 
firmly in place. T 

7. Cut a piece of polyethylene sheet for covering the upper side, so that 
when draped over the frame it is 4 inches wider and 4 inches longer 
than the frame. Turn the frame upside down and, making a triple-fold 
seam as before, tack or staple one edge to one side of the frame so 

# that the seam is inside that of the lower sheet (Figure 7b (ii). 

8 Stretch the polyethylene over the ridge and around to the lower edge 
of the other side member. Make a folded seam and tack or staple in 
’ place as before. 

9. Stretch the polyethylene over one end of the frame, fold and tack as 
before, cutting away any excess material resulting from the slope 
from ridge to side member. Tuck the corners of the sheet in neatly, 
and tack firmly irj place. Repeat for the other end of the frame. 

Attachment of Covers to Dryers 

The covers, being very light in weight, are liable to be blown off the 

dryers'by even a moderate gust of wind. Arrangements should therefore 










































































































































CONSTRUCTION OF COVER FOR MODEL 1 AND MODEL 2 DRYERS 
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• be made to keep them firmly in place. This can conveniently be done by* 

■\ . . d :-v •••. o‘ 

fastening hooks of stiff wire to each corner of the cover and swingin 
these hooks into place around nails or pegs fixed in the sides of the 
dryer. Alternatively, lengths of stout twine or core) fastened to one side. II 
of the dryer may be drawn tightly across the-co^er-4nd- tied to nails or— 
pegs on .the other side. ^ " 

• • ■ y V ,' - * : / 7 ' y ■ 

F. Construction of Drying Trays ’ , 

An example of one possible type of drying tray^s illustrated in Figure 8. - 

\ 0 . i fil '* 

This is a simple,wooden frame with fin^wire mesh stapled to its yiYder- 
side. Two^suppo# runners are nSiled to the underside lover the edge of 
the wire mesh). If necessary, ,t$/o laths may be tacked over the edges of 
the wire mesh to hoJd it in place at the ends. However, folding the edges 
of the rtfesh over upon itself before stapling maybe all that is. needed, 

A suitable size of tray for use with 8', x 4’ dryers illustrated “in the 
sketches is 3'.6" x 3' 6", overall, two trays of this size being used in the 
dryer. . ■ . . / , ‘ /yiv:/ 

Simpler trays made of course be made from local materials. Papyrus 
reed matting, or a frame with ’slats of reed or split bamboo, for example, 
makes an excellent support on which material .cad be dried. Coarse 
hessian sacking material or open weave grass orfibn^matting stretched 
on a frame can also be used. 


.. .. \ 


G. Construction of Model 2 Dryers 

This dryer, illustrated in,Figures 9 and 10, is not portable like Model 1. It 
is me 4 ant to be permanently sited and to be constructed.of.clay bricky, 
mud and wattle, or similar materials. Compressed bricks made by the 
Cinva-Ram.using local earth mixed with cement are ideal for the pur- 
po.se. If hollow bricks are available, this would be an advantage. Hollows 
in such bricks should be packed with dried grass, coir fiber or other in¬ 
oculating material before the bricks are laid. 

Siting ; '• . . • .."V " ' ; 

Because of its permanent nature, care should be taken in the choice of a 
site, which must be flat and level, and which should not be shaded by. 
trees or buildings. The dryer may be built on a floor of solid hard-beaten'/ 
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earth, or, if it is felt to be necessary, a base of concrete may be used. A 
drainage trench about 9 to 12 inchesjn width and depth should be dug 
all around the dryer to protect it fromjfloods resulting from heavy rain. 
The dryer should preferably be sited so that it is end-on to the prevailing 
wind. In tropical latitudes, its siting in felation to the sun-is relatively un¬ 
important, but there may be aslight advantage in having its length in an 
east-west direction, but only provided this does not expose the sides 
rather than the ends to the wind. 


Materials t“'" r ; 

Clay or similar bricks as described above, mortar or clay. Thick bamboo 
(2 '2 to 3 inches in diameter). 


Steps in Construction , 

1) Prepare the site and lay tbe first course of bricks. 

2) Prepare the bamboo pipes as follows*: Choose bamboo of even 
thickness and with as few joints as possible. Cut to the overall width 
of the dryer. Split the bamboo into halves lengthwise and cut away 
the partition at each joint. Put the two halves togetheragain and bind 
together with string, wire, or other suitable binding maferial. Cut or 
drill holes in each pipe as indicated in the sketch. The holes should 
be about 1 V 2 inches in diameter. 


3) Lay the second layer of bricks, placing the bamboo pipes in position 
as shown in the sketches, cutting appropriate bricks, short as 
needed. Lay the third' layer of bricks, packing the gaps around the 
'bamboo wi,yh mortar or iplay. 

4) Lay the top layer of brrekSTeuttlng away as necessary to fdfrh air : out- ’ 


let slots Alternatively, lay the top layer of bricks leaving one-inch 
gaps appropriately spaced along the two sides. ‘ 

5) Paint the inside of the dryer a dark color. Charcoal mixed with clay 
may provide a suit-able means of doing this. 

6) Construct a cover and drying trays;as desribed in 6 an 7 above. / 


Alternatively, bamboo inlet pipes of only 12' in length may be used instead of *** 
the full-width pipes. Length of these pipes is shown by the thick lines in Fi- ,,. 

gure 9. . .. ^...1.. . * ..I -L . - , "b.':.\T.. 
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FIGURE 10 





























A Simple Cover Frame for Sun Dryers 

The attached sketches illustrate the construction of a simple "double 
glazed’’ polythene cover for sun dryers. This can be made in thie village 
.situation, ug.ing only the tools and materials normally available. The 
, only external input needed is polythene sheet in the form of a tubular* 
sheath. ’ / ■. 

. The frame (Sketch 1) consists of two “coat-hanger" shaped end pieces 
'joined by three pieces of bamboo or other straight poles such as wattle 
or eucalyptus. 

The end pieces (Sketch 2) can foe chopped out to shape with a “panga’V 
, cutlass, or mach v ete-type knife, and the nesting sockets for the joining 
poles can be carved out with a smaller knife or burnt out with a hot iron. 
Poles are selected for straightness and uniformity of diameter. Perfectly 
° straight and uniform poles are rare. It is important that th§ two side 
poles are straight in the horizontal plane, and the frame should be put 
together on a perfectly flat piece of ground and the two side poles ar- 
ranged to.achievea frame which is not warped and which does not twist 
upwards at one or more corners. Slight irregularities in the poles do not 
matter since, although these may prevent the frame seating accurately 
on the top edges of the dryer, this does not matter, since air vents are in 
any case required between the cover frame and the top edges of thfe 
dryer. 

Fastening bamboo or thin poles with nails can be a problem because of 
the risk of splitting. For this reason, holes for the nails should first be 
. drilled in the ends of the poles (Sketch 3). This is done using a nail 
heated to redness. The nails are then inserted in these holes and driven 
firmly into the wooden end piece. 

The joint can be strengthened (Sketch 4) by nailing a strip of ham- 
giered-outtin (cut from an old tin can) over the joint. This tin strip would 
be likely to abrade the polythene so, to avoid this, the joint should be 
wrapped in a piece-of cloth, banana fiber, soft barkcloth or similar soft 

■ ■ • V-IT: • ' 

material before covering the frame with polythene/ 

The cover frame must be made to that it fits snugly into the polythene 
sheath and so that the sheath is stretched taut. The key dimensions in 
this respect are those of the end piece, and it is necessary Jo make the 
first end piece by trial and error. The end piece should be cut to shape 





Making A Simple Cover For A Solar Dryer 

(When Only Plain Polythene Sheet Is Available) 


& 



Sketch 2 



approx. 

ENDPIECE 


(Made from A Piece of 4”x1 M plank. 



Making simple cover frame for Solar Dryer. 
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COVERING A SOLAR DRYER DOVER FRAME WHEN 
POLYTHENE SLEEVES ARE NOT AVAILABLE 


1. Lay covar frame on top of polythene sheet which is 24" longer and'l8 
wider than cover frame. 


/ // 


' !/ 






Upper polythene sheet 




Lou/er polythene sheet 


2. End views 

a) Lay second sheet of polythene over top of frame. 


Securing cord 



Edges of polythene sheets rolled.up tightly 

* 

b) Roll up edges of sheets tightly against fram'd and secure in place 
with cord tied around width of frame at both ends. 







but finished off the same width as the sheath. Its width should then be. 
reduced by paring slivers from each end until it will just fit into the 
sheath. It will be found that the width of an end piece which is 4 inches 
high at its highest (middle) point will need to be about V 2 to 3 A shorter 

. ■ V 51 

than the width of the sheath. 

The following is a practical example: 

A polythene sheath was made by folding 8' wide polythene film and 
seaming along the open edges. The effective internal width of this 
cheath was 46" (two inches used up in seaming). The size of end piece 
needed for this sheath is illustrated in Sketch 2, i.e., 45 V 2 inches long 
and 4 inches high. A cover frame made from two end pieces of this size 
fitted neatly into the sheath without undue stretching of the polythene. 
The polythene sheath is fitted to the frame as 
and 7. 

3. Drying with Fire 

There may be times, however, when climatic conditions w{ll not permit 
the effective use of even an improved solar dryer. This may be the case 
where there are long periods of rainfall or very cloudy weather. Also, 
when the amount of grain to be dried is too large, another method will 
'have to be found. 

Here we present a model called the Pit Oil Barrel Dryer or Brooks Field 
Dryer that can be used quite effectively at the farm and village level, 1 
either by an individual farmer if he has a fairly large amount of grain to • 
dry, or by a group of farmers working together as in a cooperative. 
Storage of grain in a closed container requires that the grain be suffi¬ 
ciently dry to prevent rotting. For maize this is optimally 12% moisture \ 

content. The traditional method of sun drying neither assured qor 

■ \ , . * 

very efficient, especially for large quantities of grain. It requires much 
laborto spread and gatherthe grain each morning and evening and this • 
is especially difficult in times of inclement weather. 

Artificial drying permits drying large quantities of grain in a relatively 
short period of time. The higher drying temperature drives insects from 
the grain and allows the grain to be harvested sooner with less d.rying 
time in the field, thus decreasing insect and rodent damage, which oc¬ 
curs before harvest.' * 

. ■ / • ' % 


described in Sketches 5, 6 

...A.A. 
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The dryer consists of banco walls with a screened falseflpt5Tfor drying 
the corn with heat from a fire box consisting of threp^O liter drums 
joined end to end below th& dry.ing’floor.' 

, p 

• ■ ~ ’■ / , ’ - . 

CONSTRUCTION (.seefigures 9-A-B-C-D) 

Tfif drying chamber has interior dimensions of.2.40 x 2.20 m and a 

& V * ■ f) 

height of 40 cm from the screen floor,The walls should be 30 cm thick 
giving "exterior dimensions of 3.00 x 2.80 m. The stoking, pit will be built 
on the upwind end of the dryer, it should have interior dimensions of 
1.80 m long and .ITOom-widej including the stairway. 

LINTELS » - _ * 

The end walls will be supported by 2 concrete lintels (1.20 x 0.30 x- 
0.08 m), requiring V 3 sack of cement and-one 6 m bar of re-rod (0 
6 mm). The lintels can be made any tim e a 1: -2:3 c onCrete mixture is 
made; though the sooner they are made, the sooner they can be placed^. 
The’formwork can be made from’boards or bricks lined with paper. 
Three pieces'of re-rod 100 cm long should be evenly spaced horizon¬ 
tally 4 cm from the bottom edge ,of the kintel. : . ; 

. ' ' -\| | v I; , ! 
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THE DRYER . > 

First stake out the/drying chamber 2.80 m wide x 3.0Q m long. This’ 
should be centered between the «twd Sides of the hangar. Extending 
upwind on. 1 side of thd drying chamber, stake out the stoking pit, 2 m 
long x 2.10 m wide. This wilh jeave an unused area on one side of the 
stoking pit 2 m long x 0.70 m wide on the opposite side'pfthe drying 
chamber. Dig all Of this staked but area,30 cm deep and pile all of this 
removed top soil to one side so that it will not be later mixecf with the 
banco. . ' . ' . 

Next, dig a trench centered in the le’ngth of the drying chamber 70 cm 
wide and 140 cm deep. This will extend 480 cm from the chimney end of 
the drying chamber (leaving a 20 cm ledge for the retaining wall of the 
stoking pit.). Remove all-of this dief taking care not to mix it with the top 
soil which was earlier removed. „ , ,. 
































Labour - Digging hole 

Regairements - Prepare Banco 
— Mount walls 
- Place barrels 
f - Place floor ' 




5 man-days 

6 man-days 
6 man-days 
1 man-day 

1 man-day 


PLACING LpSTELS 

Carefully measure and mark points 3 m and 2.70 mfrom the chimney 
end of tl^etreiTch and cut slots on,both sides of the trench, where the lin¬ 
tel will rejst. These will descend to 70 cm from the trench floor, 30 cm 
wide andbO'cm l&ng. Cut similar slots up, against the chimney end of the 
drying chamber- 75 cm from the trench floor. The 5 cm difference is to 
give a slope to the barrels and thereby facilitate smoke escape through 
the chimney. Next cut the chimney hole 30 cm wide x 30 cm long x 

30 cm deep centered at the end of the trench. A channel 15 cm x 15 cm is 

' „ 

then extended from the center of the chimney hole to 50 cm from the 

bottom the trench. A 5 cm layer of mortar or banco is laid in each of the 4 

* 

lintel slots and the lintels are lowered into place taking care that they are 
level and square with the dryer side walls. If banco has been prepared in 
advance the construction of the walls can now begin. 




MOUNTING THE DRYER WALLS 

Mount the walls 30 cm wide ovqfthe lintels and 45 cm on the sides, ex*- 
tending the stoking pit retaining waM along its ledge 20 m thick to a 
height 20 cm ground level around the extremities of the stoking pit (2 m 
x 210 cm). This retaining wall protects against erosion of the pit walls 
and keeps dirt and trash fromjalling into the pit. 

The height of the wall over the lintels which c&n be mounted in one day 
wjthout danger of collapse depends on the quality and water content of 
the banco When the drying chamber walls reach 90 cm from the lower 
edge of the lintel, the side walls thickness is reduced to 30 cm, leaving a 
15 cm ledge on the inside of each side wall which will support the drying 
floor logs. Before the walls are mounted much above the ground level, 
the rest of the digging and dirt removal should be done in the drying 
chamber to avoid unnecessary difficulty in removing the dirt. From the 


base of interior side walls to a 


point; 


40 cm from the bottom of the 


barrel 
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trench remove the dirt on both §ides of the trench leaving a slope of ab : 
out 45°. When tfie refaining'walj is mounted to 20 cm aboye ground 
level; it should be level with the d tying chamber Walls at the point where 
they are diminished^ a thickness of 30 cm. At a height of’10 elm higher 
than the 15 cm side wall ledge, a strip of chicken wire 20[cm wide 
should be embedded 10 cm in the wall all the way around leaving 10 cm 
extending out into the drying chamber to which vyill later be attaejaid 
the drying floor screen. This embedded screening should be 1:00%! 
from the bottom edge of the front lintel. The wa||s are mounted to a 
height 40 cm above .the embedded screehing.„A the kame time that the 1 
drying chamber wall$ a,re being mounted,thp chimney can be done. Its 
height should be extended 20 cm higher than the top\of the dryer wall. 
The opening can beTeduced to 10 cm in di^meterto prevent undue heat 
Joss. ■ . ' . ' . ' 

The stoking pit is finished at any convenient time during the dryer con¬ 
struction. The stairs are cut out in four equal steps 30 cm high and 
40 cm Wide, leaving a 30 cm wide ledge against the dryei wall and the 
lowest step. This will lend.solidity to the dryer wall and lintel. The stok¬ 
ing pit can be enlarged by cutting away 15 cm on each side of the stok¬ 
ing pit. / v * Z 1 ' T \ ' 

Th : e walls can be polished as they are built. A layer of 1:8 mortaron top... 
of the wall all around will keep the walls from being worn a^ay during 
use. Cracks in the dryer Wall should be filled with banco to improve both 5 
its solidity and appeararfee. Extra care should be taken in filling cracks 
in the chimney end wall to avoid smoke entering into' the drying 
chamber. , ‘ . \ 


PLACING THE FIRE BOX BARRELS: j V , • 

.The sloping sides of the pit must be dug away before placing the barrels. 
First, cut bothends.from two"barrels, and-oneend from the third. A small 
hole 20-30 cm wide should be cut in the other end forthe chimney ^iole. 
One side of.the chimney hole is formed by the barrel rim. This hole\will 
be on the top side of the barrel when’it i^;placed in the dryer. \ 
The barrels are joined with four heavy wire l s spaceid evenly around the 
circumference. The barrels shbuld be supported with bricks or broken 
staves 10 cm thick. ' e , \ 







Photo - Erik' Bentzen 


Shown here is one of the two concrete lintels which support the end walls. 
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The joints should be sealed by placing a strip of screening around them 
and plastering with a 1:8 mortar. If the screen holes.are too big to hold 
the cement, place paper under the screening. From inside the barrels, 
the bottoms can be sealed as well as any spaces showing in the top joint 
seal. . 

The trench must now be closed’around the barrel ends with banco. At 
the chimney end the seal must go completely around.the barrel to keep 
smoke from coming into the drying’chamber. The opposite end is 
closed only around the top of the barrel to let cool air enter the drying 
chamber. ^ • ■’ . 

The joint seals can be tested by lighting a smoky fire in the barrels and 
watching to see if smoke escapes into the drying chamber. Do not let it 
burn too long or it will dry the sealing mortar too quickly causing it to be 
brittle. 

FLOOR SUPPORTS 

Use 10 logs of solid wobd 8-10 cm in diameter and 2.15 m long to sup¬ 
port the drying floor. A very straight log should be placed directly 
against each end wall to keep the screen from pulling out under pres¬ 
sure. 

WIRE SCREENING 

can now be stretched across the logs and attached to. the anchoring 
strips. Small holed screening is often very expensive, so chicken wire is 
usually used. In this case, straw mats must be placed on top of the 
screening to prevent the-grain falling through. ^ 

The strips of screening should be longer than the 2.40 m lenght of the 
drying chamber because the weight of the corn will pull it down/bet- 
weemthe floor supports. The strips should be overlapped 5—10»cmand 
attached by weaving thin wire up and down through the holes. For all of 
the wire screening used in the dryer, 9 m 2 are required. 

Instructions for the use of the Brooks Field Dryer. 

1. Before using the dryer each time, you should clean out the stoking 
pit-hole to make sure that the air vents underneath the barrels are 
Open and not blocked by ashes or dirt. This should be done during 
drying also. 

.3 ' : • •- •—. 

2. Check the barrels to make sure there are no holes rusted iathem or 
cracks in the joints which will allow smoke to enter the grain in the 
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drying chamber. Do this by building a small smoky fire in the barrels 
before putting grain in the dryer. Badly rusted barrels should be re¬ 
placed and cracked joints can be re-sealed with mortar. 

3. Remember that to dry'a large quantity of grain, a lot of firewood will 
be necessary so i-t is a good idea to start gathering wood before you 
start drying. 

4. The quality of your drying depends upon the person who watches 
over it. He should be responsible and understand how to use the 
dryer. He should be present at all times during the drying to control 
the fire. 

5. If the drying fire jstoo large, the grain on the bottom layer of the dryer 
may begin to char. This will change the color and ihe taste of the 
grain, and it will be hard to sell afterwards'. The best temperature for 
drying maize is 50-55 degrees Centigrade. This means that the grain 
from the bottom later must not be too hot to hold in your bare hands. 

6. About one day is needed to dry CL 5 T (500 kg) of maize. During all of 
the drying time a responsible person should watch over the dryer. It 
is best to begin the drying early in the morning and continue all day 
long. Never leave a fire in he dryer if there is no one to watch over it. 

7. If you dry maize on the cob, remove the husks and dry a layer not 
more than 30 cm deep. If you dry shelled maize, you can dry 500 kgs. 
at a time or four large sacks. This will be a layer about 10 cm deep. 
Continue drying until the maize has moisture content of 12—13 per¬ 
cent.- The first time you dry, be sure to have someone help you who 
has had experience in drying. When you have dried once or twice, 
you will easily be able to tell when the grain is dry enough by cracking 

ijf *w * . 

it between your teeth. When the grain i*s dry, it is hard aqcf breaks with 
a sharp crack.Vjf you are in doubt, be sure to ask someone who has 
had experience in drying. 

8. Grain which is to be planted for the next season should not be dried 
in the dryer since the heat will kill many of the seeds and they will not 
grow. Thus, more seeds will be needed for a good stand in the field. 
For this reason, grain to be used forseed should be dried thoroughly 
in the sun. It should be stored separately in a closed container and 
checked monthly for rotting or mildew. 

9. Don't forget that the secret of good storage is good drying. 
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Notes: 


2. WJiat are the advantages and disadvantages of these techniques? 
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3. SMS! 
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Notes: 
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4. Why is it better to dry grain-on a plastic sheet than directly on the 
around? - 15 



Notes: 
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5. Wh^t are the advantages of an improved solar dryer? 


Notes: 


6. Whemshould an oil .barrel dryer be used: 


Notes: 





7. Could such a dryer be used in a cooperative way in your area? 


Notes: 


8. Discuss the- advantages as well-as disadvantages of drying grain 
# „with fire. 
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CHAPTER VII: 71 T, “ 

GRAfM- INSECTS; RODENTS AND INSECTICIDES 

4 9 . *' .. . 

If a farmer were told that more than one-third of his grain harvest would 
be stoler>, he would -most likely react with sufficient anger to fake the 
necessary steps to protect his hard-earned food. Yet every year farmers 
In developing "countries are estimated to lose between 10 and 30 per 
cent of tHeir harvested grain, not to-human enetfifes.ibut to the thieves— 

of mold, insects and rodents. ■% 

\ 9 • 

A sustained battle must be’ waged against these thieves if jthe'farmer is 
to receive greater benefit from his labor. ° 

'ft is difficult to store grain in the tropical (and even the temperate) parts 
of the world without an insect problem developing. Long periods of 
storage increase the potential-spoilage caused by insects., Multiple 
handling of the Qommodities^inadequate storage facilities both contrh 
bute to the problem. 

We have already seen the dangers of molds when we discussed the 
need to grain sufficiently for safe storage. Molds are in some way? 
the mpst dangerous of enemies, for you cannot see them as easily as the 

two other major.thieves: insects and rats. _r / • 

Insects are everywhere, but they are particularly dangerous, around- • 
grain. Adult insects are easy to see in grain. They live outside the kernel. 

A farmer often waits until he Sees adult insects before taking any steps’: 
to combat them,.but'when you see the insects, it is already too late; for 
inside the kernels there are no doubt many more young ones growing. 
"ThsecTconTTO l should begin we l l be fo re the g rai n is put i n to-storage,— 
There are several step! a farmer can take to' help protect hi$ grain from 
insects. Some of these steps may include insecticides, but all de 
on thorough'cleaning of storage containers. 

A farmer needs to make a regular “batt 
breed at an accelerated rate under tropi 
adaptable to new surroundings. 

There are four steps in such a battle plan: 

1. “Know your enemy”. Find out Which insects are damaging the grain 
how the-insects grow (thdir life-cycle), and how they get into the 

» .. . r 

grain. 
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e plan" against insects, for they 
cal conditions, and are also very 


V 
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2. Take care ip drying cleaning, storing of grain. 

3. Measures that can be taken without insecticides. i 

4. Ask advice about insecticides and decide if the farmer(s)' has 

enough money to buy insecticides, and whether it is possible tp de- 
velap a sound, safe extension program. 17 


1. Know your Enemies 

There is a habit of calling any small bug, fly, moth or mosquito an|“in- 
sect”, but for our grain-storage interests, we peed to be more precise. 
Insects.are creatures with six legs and hard outer skeletons. Their 

\ * A ‘ H. 

bodies are divided into three.distinct sections: the head, the thorax 

* . » . * I. 

(with three pairs of legs and two pairs of wings), and the abdomen. They 

grow in stages-eggs, larvae, pupae and adults. Insect eggs and larvae , 
are so small that they are difficult to see, and so may already be living in 
what looks like good, clean grain. V" \ 

There are many insects that will attack grain. In any given area, however, 
there is a tendency for only a few types to be dominant. For this reason, 
it is best to check with an agricultural specialist as to which types of in¬ 
sects are most prevalent in the aoga - especially if an insecticides is 
used. ' ' 7 ■ • ! . 


2. Care in Drying, Cleaning and Storing of Grain 

The drying and storage areas must be kept clean. This includes tools for ■ 
harvesting and threshing, and carts that may be used for carrying the 
grain. 

Cleaning means sweeping out old grainTgrain dust and dirt from stor-l 
age bins or areas in the home where grain is kept; removing pieces of 
grain and dust from between cracks, ledges or other parts of the storage 
area. Repairs must be made in the floors, walls and ceilings where in- j 
sects might live, and patching any holes in the buiidingto make sure iiis-L. 
watertight. 

Remember: No hole is so small that insects can’t hide there. One impor- 1 
tant precaution is to store new grain away from fhe old grain that may 1 
still be on hand. By the end of a storage period, even with proper care, ^ 
there will be insects in old grain. If the old and the new are stored too 
closely together, insects will quickly spread to the new grain. 






Farmers have always tried to fight off insects. Through techniques aT 
trial and error, certain effective methods have been developed, al¬ 
though the farmer probably does not know the scientific principle be¬ 
hind the techniques he has learned. 

Among the techniques used are the following: ■ ’ \ 

Sunning: Farmers have seen that insects leave grain which is placed in 
hot sunlight. Insects do not like heat that is much 'Over 40-44°^ Sun¬ 
ning, however, does not kill the eggs and larvae wh’ich may be in the 
grain. ' " ’ , V-. 

Mixing certain plants with the grain: In many areas, farmers mix certain 
plants with the grain. As with herbal medicines for humans, it is not al- 
vyays easy to know what herbs are used. The information is usually given 
by father to son or mother to daughter. Such natural control methods, » 
which provide active control without insecticide, need to be looked at 
more carefully. , • . ~ v ' 

Mixing sand or wobd-ash with grain. This is another traditional control 
method. It is based on two correct observations. The first is that sand 
and ash fill in the space between the grains and thps lessen the amount 
of oxygen available for the insects to breathe. Also, sand scratches/the 
covering of the insect’s body, and the insect loses moisture through the 
scratches. If the grain is dry, insects will not bS able to get enough mois¬ 
ture to-replace that lost through the.spratches.and the insects will die. 
Smoking: Some farmers store unthresheS grain on raised woodpn plat¬ 
forms. They build small smokey fires under the pJatforms-Other farmers 
store grain in the roof of the building use d forpo oking. Both of dhese 
methods use the smoke and heat of fires to kill and drive away insects 
from the grain. The heat from the fires also helps to keep the grain dry 
and thus protects the grain from new insect attacks. 

There are ways of building ,upon the principles of the traditional 
methods and improving the techniques. . 

One way to kill insects is to deprive them if oxygen. As with aH living 
things, insects cannot live without oxygen. Cutting out oxygen can be 
done by making storage as air-tight as possible, by using oil drums with 
lids, for instance, although relatively little grain can be stored in this 
way; or using polythene bags. All improved grain storage methods aim 
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at being as air-tight as possible, for the carbon dioxidb given 1 off by the 
respiration of the grain itself will kill;off manv of tbe’ insects. «■ 

' • - ° 7 ' m-v 

' * A* 

3. Measures that Can be-Taken without Insecticides 


A traditional way of excluding oxygen is to fill up all the Spaces between 
the grains so that less air is mixed with the crop. This principle can be 
maintained, and is especially effective when activated clay or charcoal 
is mixed with the grain. Activated clay or charcoal is made by washing 
small pieces of charcoafor clay in diluted hydrochloric acid, rinsing it- 
with clean water, and heat-drying it. You should use Vs to 1 per cent of - 
the volume of the crop. .. „• ^ ‘ 

Grain in storage should'always be checked for insects, flying.beetles, or 
moths. It is best to put the grain through a sieve. If a large numberof in¬ 
sects are present; dump all the grain out on sPtra^ or plastic sheet under - 

a hot sun, 6ut do not put the .grain directly on the ground. Then put all 

’ * \ 

. the grain through a sieve and remove and burn the inse'cts so that they a 
cannot return'to the graj.n. 5 \ 

As insecticides are costly and also dangerous to use, it is recomended 
that as much as possible be done to fight against insects without the use 
of insecticides. We offer a checklist, a list of reminders in your discus-' 
sions with farmers. You can stress those pQinfLthgt will be most helpful 
in your area: , y 

- Store grain away f-rom wet areas. ' ., - ' - • 

- Protect the stored grain from falling rain. ( .* * . 

- Keep stored grain or grain containers' out of strong sunlight. This will 
keep the*.grain- cooler. Warm grain will breed more insects. - 

- Place stored grain containers or buildings Where w’inds can help cool 

the’.containers. " *' ,a m \ 

- Keep the stdred a grai/v?as far away from the fields as possible. This 
• betps kq^p flytn'g'ihsects pests from flying to the stored grain from the 

fields'!*/ . . ■/ , 

. e> ? V. •? O , 

- Make soje the storage area isdean.-Sweep the walls, ceilings, and 
floors and get out all dirt 3- old grain, and'dust before you put new 

■grain in; • .* ' ■ ■■ w ; » 

Make sure the containers for the grain are very clean. 

- Clean the grSin v^ell. . ' 









Dry the grain well. 

Put only vyhole, healthy grains into storage. Do not store broken 
grains. 

Place grain into special containers which you can seal tightly-if pos¬ 
sible. 

Watch for flying beetles in the early morning or late afternoon. 
Watch for moths any time of day. 

Shake a sack on the floor. Then let it rest out.of direct sunlight for a 
while. Then check to see if there are any weevils on the outside of the 
sack. _ y: 

Dump part of the,grain out or take some-out fro m the rftickfle of the 
sToragefc onta i n e r. 

Put the grain through a sieve. \ ’ - 

If a large number of insects is present^dump all the grain out on a tray 
or plastic sheet under a hot sun. Do not put the grain directly on the 
ground. < 

Or put all the grain through a sieve and remove the insects. Burn the 
insects so they cannot return to the grain. 

Mjx grain with sand and ash when.you put it into thestorage contain¬ 
ers. Sand and ash damage the insects' bodies, and they die. 
Store-untheshed grain on raised wooden platforms and build small 
smokey fires underneath. The heat and smoke from the firehelp drive 
the insects away. 1 ’’ 'V 

Plan for storing the next crop. If you continue to have trouble with-in- 


sects, see if there is a storage method which might be better. Also, 
find someone who knows how to use insecticide and get advice on 
your problem. •: . 


4. Insecticides 


Insecticides are poisons for killing insects. But insecticides also can kill 
or injure humans.and animals if they are not use r cj properly. Insecticides 
must aiways'be used with care .and with the advice of local agricultural 
agents. .The farmer must always weigh, the cost of the insecticides 
against the potential benefits’. Most farmers already know something 
about insecticides, but often they are not aware of exactly which insec¬ 
ticides should be'used. Farmers may use insecticides without knovving 



how to apply the insecticide properly or on what materials the insec¬ 
ticides can.be used. Some insecticides are safer than others. Some in- 

o 

secticides can be used on grain for seed but cannot be used on grain for 
food,'but others can be used for treating both types of grain. 


Types of Insecticides ■ 

Many different poisons kill insects, but there is a much-smaller number 
of insecticides which are useful in grain storage work. The insecticides 
available to farmers to use for grain storage ar.eof two majortypes: con¬ 
tact chemicals and fumigant gases. These insecticides can be bought in 
a number of forms. They are applied differently, depending upon,the 
type of grain and the type of storage facility. 

ContactChemicals: These are the contact poisons. The insect must get 
these insecticides onto its body. The contact chemicals are available in* 
the following forms: - . , I • 

1 

- Dusts: These contain a low concentration of insecticides'mixed with 
powder. This makes them safer to handle than some of the other, 
forms. Dusts are ready to use but must be kept very dry until used dr 
they will not mix,evenly nor last as long. Dusts can be u’Sed on floors, 

. flat surfaces and around the bottoni of storage containers. Dusts are 
often mixed with grain at the time of storage. 

- Malithion dust is one of the insecticides most widely used in the stor¬ 
age grains. In using this particular type, the grain must be well-dried, 
for malithion dust does not work well with wet or moldy grain. Usually 
one packet of 110 grams STiduTd be mixe&wlfh each sack (or 90 kilos) 
of shelled, maize. The mixing is done by shovefing the-grain into a 
heap for ten minutes or so, until each seed has been covered with the" 
malithion dust. The cereal which.has been so treated may be used in 
twelve to thirteen weeks, for the chemical breaks down completely 
and-does not leave-a-harmful residue. 

, Wettable Powders: These contain a high concentration of insecticides. 
Wettable powders must be mixed with water before they can be used 
arid require careful mixing. They are used to spray outside surfaces of' 
sacked grain, storage containers our buildings. They can be applied 
with simple sprayers which can be made or purchased. Wettable pow¬ 
ders must never be used directly on grain. , - 






Emulsion Concentrates: These are liquid concentrates which must be 
[nixed with water before they can be used. They contain a high amount 
of insecticide mixed with other ingredients. However, they need special 
equipment to apply and thus are more expensive ahd.more.difficult for 
the farmer to use. 

DDT: One of the most Common of th.e contact chemical insecticides is 
DDT. In fact, in some places, DDT has become the general name of in¬ 
secticides. DDT must be used with care. DDT can protect storage build¬ 
ings against insect attack, it can be applied either by spraying or paint¬ 
ing it on with a brush. The treatment should be repeated every six to 
eight weeks. However, DDT must not be used near food nor on.the grain 
itself. It should not be used to dust inside grain storage containers. 
With all the contact chemical insecticides, great care must be taken for 
even a small dose of insecticide can make a person sick. Do not eat, 
drink or smoke.while using insecticides. Wasj^the clothes you are wear¬ 
ing separately frqm-your other clothes. Keep the insecticide containers 
away from children and animals. Bury or burn all the empty containers. 
Fumigants: The second [najor category of insecticides is the fumigants. 
Fumigants are gases®and have several advantages as an insect-dehtrol 
method: Gases can enter all the cracks in storage facilities and kill in- 
sects'hiding there. Fumigants can get between the grains.in storage 
and, in many cases, can kill the larvae within the kernels. Gas does not • 

• ' o 

leave marks on the grain as some insecticides do. 

However, there, are also vervr eaLdangers i n usin g-fu rmgan-ts. The y are - 
poisongases and some areextremely dangerous to man. Fumigations 
must only be carried out ,by properly trained personnel who have re- ’ 
ceived training not only in the techniques required but also in the safety 
aspects ‘necessary. At Jeast two operators must be employed in fumiga* 
tin infested proaluce for safety reasons. The operator in charge should 
have proper trairWig or experience in the type of fumigation he is likely 

to undertake. .J . .. . J 

iri any type,of furtigation work the approved procedures must be car¬ 
ried out to ensure! , 

1. The safety of tbe operators and the other persons involved; 

2. The avoidance of damage to produce and hazards to consumers; 

3. The effectiveness of the^treatment. 
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Fumigants kill only insects which are already in the grain. Thgy do not 
protect grain from new attacks. Fumigants must be! used in airtight con¬ 
tainers. Thus, if the farmer is storing his grain in jute sacks, he will have 
to find some other container which he can make airtight before he can 
fumigate his grain. He-may also be able -to cover his grain sacks with 
heavy plastic and fumigate in this way. 

Flowever, fumigation may hurt the ability of seeds to germinatejand thus 
should not be used on seeds kept for planting. 

The most widely used fumigants at the farm or village level come in solid 
- form as pellets. tabfSts or packets. The active cnemical is Aluminum 
Phosphide. The tablets release phosphine gas when moisture touches 
them. One of the most common of these fumigants is Phostoxin, also 
sold under the names of Celphos, Phosphine. This insecticide must be 
used only in airtight containers. Fumigation must continue for at least* 

72.hours. ... . : .. 5 . 2 ; ■;VV;:'.O.TTT _■ : j. w . ■ 

Fumigation must be done with very great care by persons with the re¬ 
quired training and experience. Its value is especially great for larger 

amounts of stored grain and should be of interest to cooperatives and 

% ' : , • i 1 

other forms of joint storage. 

Informing farmers about the use of insecticides is an important yet deli¬ 
cate task. The world is now becoming conscioiis of an over-use of in¬ 
secticides, and the dangers of their constant or habitual use. It is dif¬ 
ficult to know where to draw the line in the debates among experts as to 
what is harmful to the environment and what is not. 

—S+nee4n mosFareas sorheioseetteides will afreadyhave been in use, it is 
necessary to know what is the local opinion concerning them. Will in¬ 
secticide-treated grain have a changed taste pr odor? Is grain so treated 
acceptable by the farmer for his own consumption? Have there beerf? 
any bad experiences in the locality as a result of the misuse of insec¬ 
ticides? | 

Rodents ' i I 

Along with insects, rodents are the major enemy of stored grain. Re la- 
tively less effort has been devoted to research on rodents as agricultural 
pests as compared with research on insects. Of course, some work has> 
been done in the past, but this has been coiifined mainly to emergency 
situations, such as sudden' rodent population explosions. There have 
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been real rat ‘ invasions” recently in the Sahel states of West Africa, for 
example. - . 

Thus, a great deal remains unknown about the besfcnethods of prevenr 
*tion and control, or about the environmental factors favoring rodent in¬ 
crease and the'am oun t of damage done. 

There is ample evidence, however, that rodents do agreat deal of dam¬ 
age, and hence it is. essential to know something about rodents and 

V , 4 , • 

some of the ways to .combat them. 

Rats are very numerous and very intelligent. In university laboratories,' 
rats are used to study how people think, because rats are among the 
most ciever of animals. You must thus-_take strong measures against 
rats, for they can find ways of getting into the most unexpected places. 
Rats always live near people. It is estimated that in large cities there is at 
least one rat for each human being. ^ r , 

In some areas, rats are eaten for meat, but this is often because they 
feed so well on the farmer’s grain. Rats can carry diseases, and they 
should thus be kept as far away as possible. 

The first thing to know is what rodents are most common in a particular 

| ■ \ ,’y. Y<- 

area, for this can vary. Sometimes when a new crop is grown, a new type 
of rodent will come to eat it. : | r 

There are three main families of rodents that are the principal enemies 
of stored "grain. .. 

The largest is Rattus Norvegius, so common that he is often called the 


- common..rat : or th e sewer rat, or-again th e brown rat. The adult 
weighs about 330 grams and he eats a gheatcTeal of grain. He digs in the 
ground and can burrow under a wall. -j 

The second rat family is Rattus Rattus, also called "roof rat” because 
he likes to climb. He is also sometimes called a ship rat or an Alexan-t* 
drine rat. He is somewhat smaller than Rattus Norvegius and weighs • 
about 250 grams when full-grown. He, too, can eat a great deal of grain, 
and is especially dangerous because of his ability to jumpfand dimb. 
Mus Musculus is the scientific name for the weil-known mouse. He 
weighs only some 16 grams, has a loqg tail and a pointed nose. Since 
mice are so small, many farmers do not realize how much grain they can I 
eat. Moreover, since a mouse does not eat the whole grain, he ruins 
more.grain than he eats. ' \ 


214 ' 





Rats and mice ^ave large families and reproduce often. Fortunately, 
many'-die young; bwt those that survive can cause great damage, and 
steps must be taken against them. 

These steps, must be coordinated into a regular “ battle plan”; .. 

1. The first step is to keep the farm and the storage area as clean as 
possible. The area around the storage facilities must be free from 
long grasses or brush where rats and mice can hide. There should 

* > * V) , - « . ^ . [ K , ,, ' * 

not be any trees or poles around which a rat can climb onto the stor¬ 
age facility. There should not be any split grain on the ground which 
can serve to tempt, the .rats. > ,. 

Food shguld be stored carefully, and if any trash or wasted food is to 
be thrown.away, it-should be buried well away from the house and 
storage areas. • „ . •. 

2. The second step is more on the order of a'n offensive tactic. Rats and 

mice can be actively hunted and trapped.’ Cats and certain dogs will 
hunt or frighten away rodent s . _ 

There are also a variety of traps, many of them tradition a "sTi c h”a sa - 
covered, pit or a petrol tip filled with water’. There are, as well, com¬ 
mercially-made steel traps which are useful, but can be expensive. 
The.dumber and type of traps will depend on whether the farmer is 
seeking to control- rodents in his grain fields, in the storage facility, in 
his home, or in all of these. . ’ ,, 

3. the third step is to make the storage facilities^ "rodentproof" as 

' possible. q . 

, • If the fagner is using an improved storage crib, rat guards should be 

fitted onto eachpf the crib's legs. These rat guards should be placed' 
atDout 2'/2 feet above the ground, so that rats cannot jump over them. 

*. 'This means that maize cribs and grain stores should be raised dn. 

piatfprms some three feet high. 

Jf grain is, stored in bags.within a building, the bags should also be 
, raised so that rodeats cadnot hide. Watchfulness is very-important. 

. Kee.p looking,for rat droppings, and for spilt grain that.may have 

4 T. ' $ ' "I; "■ 

come from rodents having,broken open a bag or plastic sack. 

4. The fourth stepis the use of rat poisons. As with insecticides, great 
• caFe must be taken with rat poison. All the more so as rat poisons are. 

•\ mixed with fdod and left on the’ground, where they may be eaten by 





children and animajs. Thus, poisons should be used only when other 
means,have'been employed, and .then only on the advice of someone 
who is familiar wifh their use. 

The poisons easily available will vary from area to area, and are sold 
under different trade names. Basically, rat poisons are of two types: 
acute poisons and anticoagulant poisons. 

Acute poisons, such as zinc phosphide or arsenious oxide, are single¬ 
dose poisons. Rodents need eat only a mouthful of poison and can die 
in a half an hour. However, such poisons are extremely dangerous.*The 
’bait food which is mixed with the poisons can be picked up and eaten by 
children or by farm animals. Such poisons can alsobe eaten by wild 
animals who are good hunters of rodents. In fact, rats have increased 
partly because many of their„natural enemies have been killed off. - 
Anticoagulant poisons a rS used in lower dosages and must be eaten for 
a number of days before death occurs. Only a little poison is mixed in 
with the bait food each day. These poisons cause rodents to bleed in- 

-stde-theif-b©otes and die. - ■ -— . ..—.c___l.... —:—_____ 

Anticoagulant poisons are probably the best to recommend. They must 

be used with care. , w A ' g. r - A'. • 

It is important to keep enough bait ouVfor a longenoughperiod of time- ' 
' around two weeks. Each pile of bait Should be about 200 cm and should 
be laid in places where signs of rodents have been found. Rodents tend 
to use the same paths or entry places over and over, so once the path is 
discovered, place the bait there. If the bait is not being eaten, however, 
this probably means that the path is no longer being used, and the'- 
farmer should look for a new place to set the bait. 

Poisons are expensive. They should be used along with other less ex¬ 
pensive methods. They should always be used with caret 






WORKBOOK EXERCISES 


a 

1. Why is an effort against insects so. necessary? 







2. .How do insects*attack grain? 


When standing in the field? 


. When storecf?_ 



Notes: 





3. What are the traditional methods of protection against insects in 
storage in your area? 


. 

- . 

1 - 
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Notes: 


4. What is the effect of filling the space between grains with either 


smaller grains or . wi t fr-dayarsand? : 



Notes: 












5. What types of insecticides are used in your area? How expensive 


are they? 


Notes: 










6, Are any fumigants used to protect stored grain in your area? 


By whom are-lhey used? 


Notes: 




. 
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9. A re t housed, f o r food? _ • ■ ■ ■• '' •' •• 

Are they left alone, or are they actively fought against? 






Notes: 




10. Why should garbage and trash be buried away from the house? 








Notes: 
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CHAPTER VIII: 


It is in the interest of the nation as a whole that im^rovecLgrain storage 
methods he accepted as widely as possible at thefarm and village level', 
for the cost of cereals plays a vital part in the cost of living and In the liv¬ 
ing standards of the mafority of the population, it is therefore crucial to 
take measures so that the producer, receives a fair price fpr" his pro¬ 
ducts. that they are made available to the consumer at a reasonable 
price, and that the processing and distribution costs are not excessive. 

- £ L " «<, * 

Efficient storage at the farm and village level and good marketing are 
key activities m safeguarding both the consumer and producer jj| 
::kmmgk& ■ wm ■ Slllilll .|| 11|§|| 

Therefore/ill 11$ 'essential that 'improved grain storage methods- tie 
popularized as widely as-pessible. If improved storage is limited to a few 
farmers or a few villages, such improved grain storage methods would 
not be playing the great national role that they can. 1 I 

However, effecti ve storage must often be part of a broader program of - 
im prove merits, beginning: with better selection of seeds, protection and 
betterment of the soil, improvements in growing care, in harvesting, 
storage and marketing, Each step is important. It.'is useful to have art 
overall vision,, even if you are concentrating only on.a particular aspect! 
of the problem. ’ 

improved gram storage techniques at the farm and village level will ex¬ 
pand only if they are part of an overall program of improving rurdl life. 
In order to help carry out an expanded prpgham of grain storage tech¬ 
nology; .you. should consider the foliowMg four related .steps- in the ex¬ 
tension of- an improved grain storage program so your own rural'areas. 


1, Assessment of ■potefTt'iia? costs and 

benefits of the program to tpfejmmer; rnciuding compatibility.of re- 

cohTmend&tions with exiStina*skflls and social values, • •. '31111 
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proved orac- 


3. Setting up an organizationai ai 



































































































































Evaluation and modification of the program in the light of'the ex 
periences. . K , • 


Step 1 - Assessment: _ __ ... '' 

The initial phase in. the planning and expanding of improved storage 
techniques*is an analysis of the problem from the point of view of the 
farmer in the particular locality to be served. All the programs must be 

* o t 

based on realities as seen by the farmer who is storing hiS grain, y'y 
Each village has slightly different problems, eve'o within a small region! 
For various reasons, one village will be. more»dpen to change than 
another. In one, the farmers will be ready to make a mud siloyifi another, 
the farmers may.want to store grain in plastic sacks or in oil barrels. 
You must rema in flexible, with a clear vision of your overall aims'and 
objectives: a better life through better preservation oithe crops grown: 
The techniques are the rn^ans, and they:must never be forced upOna 
village. You will have to ddeide With thd^bcal farmers and’villageleaders 
what is possible immediately. Yod roost als4 have in the back of your 
mind a variety of possible techniques to reach the same encfeV 
For assess ment of the problems a nd possib ilities, yous hould a pproach- 
the village-level authorities. They should be made aware, of the Irhpor-. 
lance of storage, even it they are not grain cultivators themselves. T+ie 
support of such local persons of importance isa Iways of’value; Such 

have been innovators in the village, who have started to pseImproved 
tools or who are active in the social betterment of. ^he village. You 
should also ask local leaders about the historical baokgroynd of past ef- 
forts iff rural, extension projects., 4 y y Vy '■ y 


The Historical Background y “ ’y..- . 

It is likely that there have been other extension programs, in the area. 
The success or failure of past programs influences the ways a farmer 
will look at,new programs, ' , ’ y ' , . .’ ; 

'Afigt were the past experiences in your area? Ask the Older, members of 
the community. They usually have-memories reachrrfg far into the past. 
They are often-able to tell you what has been tried and has failed. You 
will have ia learn from past experiences. 1 - y4 '■ 5 JJJv - 






A knowledge of the past will also help you to identify the families who 
have played an active role in village life in the past. . 

How are the Local Farmers Organized? 

In every society - developing a industrialized - there are a wide variety 
of organizations, both traditional and.modem. It is helpful to k'now how 
the farmeps'are organized and who plays a leadership role. Itis also use¬ 
ful to knovy hovv village leaders exercise their responsibilities. ' ■ 

Once you knov^who are the local leaders, go and speak with them, even . 
if they are not grain farmers themselves. They will give you advice on 
how to implement the next steps in your development program. In some 
areas, it is possible to hold a special meeting for all the farmers-In other 
cases, there will already exist a cooperative, or an agricultural im¬ 
provement committee with which you can work. 

TO ■ -/ i'iiilllllllliyl fi 11 1 HI 11111 

Step 2,™ Formulation; ? 

The second step.is to formulate as wide a range of approved’practices 
as. possible. - |M|T . . ^ - 0 

If you have only one thing to offer, you place the farmer in an “accept dr 
r eject “■ si tuation^ If. hovVever. you have a wide range of useful techni¬ 
ques, the-farmer will be better’ able to cldase^some, modify-others, and'- 

reject still others. ‘ ? -1 /?>. Illllll!.|1II|1|11 

!t‘ is during this second^stage that the different improved techniques 
must be field-tested. Field trials can help to verify - the adaptability of 
ioca? materials as substitutes for more costly materials. Field tests un¬ 
cover hidden problems and unanticipated sotial impediments. The 
- field tests can iridicate the level of farmer interest in the proposed-new ill 
technique. /• Iff rnmM&ik llllll ll|lllllj|l| HI 

The farmers with whom you set up the field test must undbrstand’that 
there are risks. Even with the best faith in the world, there are-experi¬ 
ments that do not workout. The farm family m^st not have to suffer from 
the failures of,field tests. •. - 

However, properly executed field, tests often produce successful re- 

. *' . II ■ V 

suits, and thus can have a positive influence on the opinions of loqaj 
farmers about adopting improved storage practices. t l-'-;-,:; j|yv: ;|1 
Oemonsfration of improved, storage methods can be very effective in 
convincing farmers to adopt the new methods for themselves. Qemofi? 








stration models should be highly visible and built to’attract attention.' 
Possible locations for demonstration sites are near the home of a, well- 
respected farmer, at the farmers’ cooperative, at agricultural youth 
clubs, at agricultural expositions or on publicly-owned land. 

y r 

Step 3 - Organization and Administration:* ^ 

The third stepj setting up an organizational and administrative structure 
for the adoption of improved methods, will depend in large measure on 
what has been found during steps 1 and 2. It will also depend on the ex¬ 
isting agricultural extension structures, the presence or not of coopera¬ 
tives, and the possible methods of financing the introduction of new * 
storage techniques. , , ' 


integration into the Local Infrastructure 

e* 

A grain-storage-program can have a more lasting and broader impact if 
it is closely integrated with agricultural extension services, farmers’ or¬ 
ganizations, local-craftsmen, and the local marketing structure. Addi¬ 
tionally, such integration can.reduce the program's organizational and' 
logistical responsibilities. For example, the management of insecticide 
supplies might be turned over to merchants’ or farmers' organizations/. ■ 
Craftsmen, once trained in storage construction skills, can take overT 
further training through apprenticeship of younger craftsmen. Agri,cul¬ 
tural agents cap supervise drying, treatment and storage. Involvement 
at aH levels- ©f the ag-ficultural, economic-a nd social sectors -w-Ui-help— 


bring ab'oilt an integration which hopefully results in adaptation of im¬ 
proved storage practices. " 

Coordination with other related projects can also extend the longrang'e 
effect of a grain-storage project, ror example, a Broader, more effective 
base might be gained by join-ing 'forces with grain commercialization, 
programs or improved production projects which encourage the use of 
fertilizers, improved seeds and/or.animal traction. This type of coordi¬ 
nation can provide complementary benefits for other sectors of activity 
as well. For example, a local committee for improved grain storage or an 
organization,to provide credit on a cooperative basis can be an occa¬ 
sion fbr people who do not always work together to come and discuss 
Their common problems. From such meetings may come cooperation 







on other issues, such as bettering the road leading to the market or a 
better water supply. 

In those areas where existingjocal institutions are strong, you can see if 
they can be used as a system of support for improved methods of grain 
0 storage. Where they are not strong, a program for better grain storage 

' . • . • _ i .'ll 

may be helpful in setting up local committees that will continue to work 
together for better rural life. 

" . *" * " * 
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Step 4 - Evaluation: ' * ~T'” 

The fourth and finaj step - evaluation - is in many ways the most di/- 
ficult- What is success? Usually precise quantifiable goals are not set 
out in a program -such as, for example, precisely 25 percent of all grain 
farmers should bfe using improved techniques exactly two years after 
the first demonstration has been made. It is likely that such quantifiable 
goals should not be set out at all, for the process of development and’ 
bettering rural life has many dimensions. I 

Too often, however, programs are.not adequately evaluated, and as a 
result arepither continued beyondfaheir usefulness, or dropped before 
effective modifications might have been made. ” , 

ThiereYnust be set a certain number of criteria fo/ evaluating an exten- 

i • o 

sion program: / 

1. Is the program helping the farmers to meet-their basic needs? ; 

2. Is the program helping the farmers to be more selj-reliant?’ ’ 

3. Is the program helping to meet.basic national needs such as a sure, 

food supply?: > /: : : -.ij 

Conclusions T , 

, . * 5 » 

? 1 > ■ . O. * . ; 

Thus, each of the four steps is equally important, ft is up to you, who 
know.your local situation well, to help organize an efficient-viable farm 
and village-level grain storage program suitable to the needs of the far¬ 
mers in your areal _ 1 ' - ‘ ■ *, - 











































7. Have you participated in .an eygluatidn ofa project? If you h ad-to do 
so. what sorts of,things would you lookjor? * 


Notes 


8. It is possible for you to take advantage of the mass media (i.e, press* 
radio, etc ) in populari'zing improved farm and Village-level storage 
methods? If so, how? If not, what steps should be taken, to take adr 
vantage of mass media in your area? • ; 








CHAPTER IX: = 

DEVELOPING A NATIONAL STRATEGY FOR FARM AND 
5 VILLAGE-LEVEL GRAIN STORAGE * 

It is clear from your own experience and from the information given in 
the WORKBOOK that there can be considerable reduction of post-har¬ 
vest losses of grain at the farm and village-level through improved 
grainstorage techniques. Such reductions on a wide scale are neces¬ 
sary both for the good of the farm family and for the'good of the nation. 
National self-sufficiency in food grains is a national priority that can<be 
reached with a combination of better information, better technology 
and better organization. There is grovving international concern for the 
heed to reduce post-harvest food losses. At the Seventh Special Ses- 
sion of the United Nations General Assembly on September 18,«1975, 
Uhere was a resolution stating that “the further reduction of post-har- 
0 ,vest food losses in developing countries should be undertaken as,a 
matter Sf priority with a view to reaching at least 50% reduction by 
1985." ' ^ " : . If lllllll 

The aim of this WORKBOOK has been to encourage you to adopt grain 
storage techniques than can beeffectively implemented at the farm and 
village level. The techniques offered here were chosen in view of their 
practicality, simplicity and also on the basis of the meagre financial re* 
sources available to most subsistence farmers in developing countries. 
These improved techniques can significantly reduce farm and village-, 
level post-harvest grain losses. The technology has been adapted so 

c s 

that the farmer does not have tp acquire a wide rarige of new and com-- 
plicated technical skills. Thus, improved storage facilities can become a 
reality"for many subsistence farmers. Furthermore, the technology/n- 
volved here can no longer be considered “experimental’’. The ability to 
construct effective low-costand simple on-farm and village-level slips 
''and drying units, which are able to considerably reduce post-harvest 
grain storage losses, has been conclusively proven. 

The major question now is how to translate this information concerning 
improved farm and village-level grain storage into a nation-wipe 
strategy. The development of a national strategy is neve/ easy and’’re¬ 
quires the realization on the-f)art of many people, at alj levels of society, 






Wj^&THowever, there are four suggested basic stfps that can be used 
as guidelines in helping to develop such a nation-wide program. 3 
Theft rst Step is the presentation of the problem and the technical solu¬ 
tions possible jn policy-oriented discussions and workshops at both the 
regipp^fend nationaljevels. Such Qiscusssons and practicafVvOfKShops 
Xm4#M0 various storage and drying units are actually constructed for 
tfcjyp hefit of local farmers) should have as their aim encouraging na¬ 
tional, regional and local leaders to adopt a strategy tblmpleffltfiiiro- 
proved grain storage "procedures, at the farm and village-level. These 
discussions must make specific references to technical inlorpnativn, 
availability of necessary supplies, marketing services and credit availar 
biiity. The information gathered at the local level with the help of the 
FleTd Questionnaire can be organized in 

way and presented^ such national, policy-oriented meetings. 

The Second Step is field testing with a view to analyzing the relative ad¬ 
vantages and disadvantages of alternative storage systems. Testing of 
facilities should be viewed in terms of the following considerations: 

1. Cost and efficiency,' 

2. Geographic and climatic adaptability, 

3. Construction material availability, • 

4. Skills necessary for construction, proper use and maioteriartfe®, 

5. Current field experiences and practical considerations related to 

b •* 

encouraging Changes. 


The Third Step is the choice of model gr 
used on a nation-vyide basis. Theft 
and there is always a danger of e 
Some technicians always want “another experiments, but t||||i;keeps V/ 
putting off the necessity of adopting a national program in wnicft 
proven standardized models can be constructed on a massive scale ^ 
throughout the country. At some point, a firm choice must be made of 
those grain-storage facilities that seem bps: 
needs and requirements of the country: Of-c© 
must be modified and upgraded in of th 
and market considerations of,a particular regi 


g :fto4 smr any "he rf &r 


ephic, economic 
this should pose 
























































els fras been made; • / / 

The Fourth Step is the nf|ipn-wide training of extension workers and 
technicians to carry out such a nation-wide grain storage program. One 
of the most effective ways is by "op-yie-jab training" workshops, such 
as you are now experiencing at Arnsha- combining essential infocma- 
tion with practical training skills. This type of “learn-by-doiog" training 
can.be done relatively inexpensively. It also readily allows for improve¬ 
ments to be built into a training program,-on an ’“as-needed" basis. It 


to international aid agencies."; .- 

On-the-job training programs also give greater 'opportunities for ' 
periodic and meaningful discussions with farmers add thus can im¬ 
prove on what the farmer is already doing, thereby enhancing,his own 

efforts for a better life. - \ 
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° CHAPTER X: 

FIELD QUESTIONNAIRE |||1 

} v- * * , IfiJ 1 81 IJJjffj j§ JJJ ' -■ 

This questionnaire is organized in- outline form to help you collect 

economic anbsocial information as well as agricultural data that will be 
useful to youthen trying to determine what, if any,' improvements in 
grain-storage methods should be suggested to local farmers. 


! 


but the ways a family lives, the way it grows ^^-'’bspecially the way it I 

stores its food. Experience has shown that if you know something about 
the interests of the families in your area, it is easier to suggest improve- ■ 
ments to them — either in adapting new agricultural techniques or im¬ 
proving their grain-storage practices. You do not have to know every¬ 


thing about the way people live, but you hayjSto know enough to be able 
to help them with their most pressing needs. In the past, technicians 
were inclined to tell farmers what they thought they needed rather than 
talking things over with them in brder to learn what their real require¬ 
ments were. : ii||fi| |!|||f! ||j||| 
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i he questions posed here are meant to serve as a guide to enable you 
systematically to collect the type of information available to you*. When 
you .go out to a village or farm, we suggest the first thing you should do 
is to look, to try and see the way people are doing things as if you were 
seeing it for the first time,,even if it is the region in which you have grown 
up. We ail take many things for granted, as if it were the only way of do¬ 
ing things. Thus, we do not really look at what people we know are do¬ 
ing. You must try to see with 'new eyes” as though you had just landed 
in the country, so that everything, the Way people eat or. plant their 
crops, or live in their houses was being seen for the first timejf yo^can 
look with new- eyes '-, you then ask yourself why people are doing 
things in this particular way. 

At that point, you are now ready to write down you observations using 
the questionnaire approach as a tool for gathering your data. - 
The next step we suggest you follow isTcrtatRdVef withi ttie local farmer 
and his wife the things you have already observed. The may tfTmk the 
questions strange, especially as they may feel you already know the 
answers. But ask the question anyway. You may be surprised by their 
answers, and they may lead you into more detailed conversation. You 
should also try and note on your questionnaire the answer of the farmer 
next to what you have seen. 

The compare your observations and answers with others ^working on 
the same type of problems. What are the differences? 

^ fs 

It is by such patient, systematic methods that you can discover what is 
trulyln the best interests of the farmer and not what you suppose. From 
that point on, you are in an excellent position to bring about the neces¬ 
sary changes. Of course, we all realize that we live in a rapidly changing 
world, and it is necessary to modify certain modes of thinking and ways 
of doing things. But above all, we must try to be creative without ignor¬ 
ing past accomplishments. 

A questionnaire is set out in a certain logical order - usually a 
chronological order - that is, one thing follows another in time. The 
questions about planting a crop come before those about harvesting, 
for example, and those about harvesting before questions about selling 

grain. '■ - •'/ « Y ■ ’' w -''S / .' 




However, you may not always be able to get the answers to your ques¬ 
tions in that precise order. You may arrive in a region at the time when 
grain is being sold at the market, so th^t your first observations and 
questions will be about who buys the grain, hbw it is weighed, at what 
price it is bought.' It vyilj^e only later that you will be able to get answers 
to such oth^r questions as who plants the grain, what work there is to do 
ouring•the growing season, how it is harvested, y 
But'with patience, you will find answers to every question, for each 
question is important in giving you a picture of the way the ’farther culti¬ 
vates his grain, how he uses it, and the ways that you may help him im¬ 
prove his storage techniques. 

This questionnaire will allow you to note down in a fairly, systematic,waV 
observations that you make in the course of your work, answers to 
questions you ask of farm familiesr and ideas received from fellow ag¬ 
ricultural development workers. 

The questionnaire is divided into four sections: 

I. The Grain Cycle and Seasonal Work Calendar. 

If. The bocal Farm Ecogcmy. ,. .' m . 

III. The Uses of Grain. . 

IV. The Current Storage Practices. 


I. The Grain Cycle and Seasonal Work Calendar 

The work of a farmer is largely determined by the seasons and the alter¬ 
nating wet and dry periods. Climate, of course, is something .that man 
can do very little to change, and through long experience he has 
learned to work within its proscribed limits to his maxirhum benefit. 
In the past, certain agricultural improvement projects have failed, be¬ 
cause seasonal changes were not as seriously considered as they might 
have been. For example, improvements at home were made at times 
•when eve/yone was needed for work in the fields. . 

Thus, although you are concerned with improving the storage of grain 
at the farm and village level, you must know something about the whole 
cycle of grain - planting, caring for it.harvesting and storage - in order 
to know if the” improved techniques for storage can be put into practice. 
You must also know something about the place of grain in the economy 
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of the local farmer, lospme areas, grain is the mjiin crop and takes up 

most of the farmer’s time In other areas, less so. 

* * . 

, * . 

1. '-What is the place of grain crops in the local economy? 

What amount of time does the farm family spend on grain crgps in 
comparison to time spent on root crops, vegetables, caring for ani¬ 
mals. handicrafts? ' * ’ * 

2. What grain crops are grown locally? (Names in both tocaNanguages 
and in translation: maize, millet, sorghum, etc.) 

3 Does the farmer make a distinction as to their use—that is, isone type 
of grain destined for sale, another for food consumption, yet another 
for feeding of animals? 

4 How large are the fields under cultivation? 

Are they single-crop fields, or are crops mixed - one row of maize! • 
the nex*of groundnuts, for instance? . ’ 

5 What is the grain production cycle? 

a) In which month is the grain planted and by whom (Wife, children, 

husband, eollective labor)? » 

b) How long does the crop take to mature? 

c) What work is required during the growing period? (weeding, pro-' 
lection from birds, etc. By whom is it done: wife, children, hus¬ 
band, collective labor?) 

d) When is the grain crop harvested? 

Bywhom? - 

e ) Who does what work at each step — preparing the fields, planting, 
weeding, harvesting, etc.? (husband, husband and sons, wife, 
wife and which children, cooperative work with other relatives 
and neighbors?) 

6. How is the grain cycle linked to the climate cycle? . .* 

a) Which are the raipy months? , 

’ The average rainfall? _ , _ , ‘ ■ 

b) Which are the dry months? r;: ^ • 

Is there any danger of rain during the drying period following har¬ 
vest? *Y . , 

c) Which are the months of maximum temperature? 

d) Which are- the months of minimum, temperature? . , ,, 
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. e) Wtiat ^ort .of clim'aUo fluctuations, or cycles does your area nor- 

. ■ ;maijylexp«Pi ; enoe?' •; 7. ; _ tv- Sill fill! 

. 1) over S'-years’ .time . . ‘ \. . % ." - /. . -i '/T'7''- 

■ '• V V "i ' : ' - % • . ' • ■ i i- '■» v'Ti I^IS 1 • 

• 0 2) fl ,over 1.0 years'time. 7 ; ■■■.' 

3iover 20 years’time ‘ 7 ’. i ;' .. : ii 

•7. Can .short and long-term commugel storage needs t?e synchronized 
' with anticipated dro■.iight,p^ri.ods?>'•^>\ :; .•^'S^'••: : ’;■.'>''•• ■ • 1 

8 . Are there times when winfos are cohstarit or;frequent? . 

9. Are there periods of the year when there is less pressing agricultural 

^ 3.1 . ■ ' • . . •- ‘ • •. . ii ' S’..- 

work to do, when new buildings qould be built, etc.? 


it.-The-Local Farm Economy ■ ■ 7 ; ; - . - 

Basically; farmers: will undertake improvements in.their agricultural:, 
techniques.and storage facilities if they are convinced that the results^ 
will be worth the effort. The benefit must be worth the cost. * 

More and more often, benefit is measured in cash terms. Cash benefits 
are not the only kind to be taken into consideration, however. A better 
diet is a benefit, too. Nevertheless, cashplays an important role for the 
farmer. Thus, an important factor in.motivating the farmerTC use im¬ 
proved stofage-facilities is that .he will have more grain to se(4 - 
You should be able to discuss with the farmer the'ecpnomic benefits of 
improved storage, and so you should know as much as possible about 
the local farm economy. Whakdoes the farmer self, to whom, tpr how 
much money, what does heido with his earnings-? 

I*. What percehtage of farmers sell ah^of theihgraifi.produce ort tha 
local market? (A-num’ber of studies ihdicatathat only^sorrre 20% of 

T % .* / 4 ', .. ■ ' " •• - ■ v 

the farmers,sell to the loCarmarkets, and that fordhe remaining80% 
all grain is consumed by the family.) r ~< j ,. 7 ’ y-^ ■ 7 

2. Of the farmers who do sell oh the, market, what "percentage of-their 
'grain do they sell (one-quarter, one-h^, thfee-quarters)? t 

What arathe difficulties of tFansportationt ; T T ' 1 
Would the farmer sell more of his grain if he had easier access to the 
, marl«et? - : :v.T.7-...vl 77 ' ^ 7 *y^'vTTTkT'f' 7 ; 

Are there more lucrative markets that could be reached if transporta¬ 
tion were imprdved? . v .. ~ _ " •' •, . •. 

3. How does.the farrper organize his year in. terms of'his needs for 
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cash 7 (In many instances, the farmer sells at harvest time because 
debts usually fall-due at that time, school fees” and taxes must be 
paid, etc;|;' r r \ 1 ' HHiil 

Are there any local savings*facilities - postal savings or banks? Does 
the"farmer use them? The times when farmers need •pash must be 
studied-foofiliy? and possibilities of modifying the pattern discussed. 
When does the- farmer seflhis grain? % IpBlI llllll|||l 

- Most or It immediately after harvest? 

- When grain clip® have been dried but not stored for any length of 

time? • ■ ‘ : 

- Later in the year? 

_.„.. . ,b& • 

Howjs itoSL,grai^"'fci<}ught at the market? fin plll|ISI|illlilili 

by volume-—number of bags— rather than by-weight: In sd|h : cpses?a : 
farmer can mix a larger proportion of his . damaged corn; made 
lighter because insects have eaten part of the kernel, w ith good 
grain. He-can'then sell his grain ?4 the satne price as well-stored 
grain,I 

■ . ♦ ' ' 

In this respect, what types of-quality control are there on the local 

market? Are there way® that a farmer could be rewarded for selling 
b^Kerquality <$ra.in? ? §jj|; 
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III. The Use of Grain .... 

People will make changes in their ways of doing; things only if it is really 
important to them t%nake these changes. 

If grain does not play an m^portantfoledfMhe-liviSJolpeoplew.is is the 


about improved grain storage, ■ 

ft is therefore important to know what place grain hasdp the lives of 
people. If there are some months between harvests, when people feel 
hungry, then It is easy to point out the need for better storage so that 
they will have more food all year round. 




will be used. If the husband decides, then it is important to talk with him,; 
even if it is his wife who does most of the work; or, if it is the wife who de- 

cides how much grain is to be used, it is important to talk with her about 
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the benefits of improved storage, even if it is the husband who does 
most of the s work. 

Much gram is normally used by the family as food..Although a detailed 
study of nutrition habits is impossible to make in a short time, it is useful 
to inqutre^into and discuss the use of grains in the regular diet: 

1 How often are food dishes with grain eaten? (Twice a day, once a 
day. several times a week but not daily?) 

2., Does the frequency of eating dishes made with grain vary at differ¬ 
ent times of the* year 7 

3 If so,, what is the yearly food pattern? 

4 Are there inter-harvest food scarcities? 

5 If yes. in which months is scarcity the greatest? %' 

i v>. 

6 What are the other principal elements in a rural family’s diet? (Meat 
fish, eggs, yams, etc.) 

7 How are grains prepared for food? (Hand-pounced in. ajportar, 

ground between stones, small grinding machine, commercial mills) 
Is gram prepared daily for immediate *ise. or. prepared in larger 
quantities and stored.2 ■ 

8 jBy whom are grains prepared? (Wives, younger girls, boys, men?) 

9. who decides how much grain is to be useddaily? (Wife, husband?) 

10 Are there local programs far improved nutrition? ^ ' 

1 ‘ TF • 
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IV The Current Storage Practices 

it is important to try to get as complete a picture as possible of current 
gram-s torag e p ractice s. Farmers'who li ve in a particular area may^have 
very good reasons for doing things in the way they are doing them. 
There is a long record of "improvements” that turned out not to be im-* 
provements at all. On the'other hand, just because people have been/ 
doing something for a long period of time is no reason to believe thdt 
this is the best way. The only way to tell is s J \ 

first, to study what is being done currently; * 

second, to test in the field the new methods being proposed; 
third, to compare the two and to make necessary modifications. 

It is also useful to gather some quantitative information - that is, how 
many farmers store how much grain m what ways? 





Quantitative information is useful because in an area not everyone does 
things in the same way. if you ask a termer,. "How do you store maize in 
this village?’’, he wifi give you one answer. It will probably be the way he 
stores maize. If you go and see. family by family, you are likely to find a 
>good deal of variety* Such a survey famity-toy-farnily will help you to see 
which are the better f armers and so to know wi th .which farmers to start 
to work most closely, ‘ , ;§§; 

t How are eere&is dried? How long are they left in the fields, after cut- 

■ ting? . ■ ; :hI 

■ ' ‘ : ' ’ 5B j ® ■ ■ ps 8 a! SI SBBiiSit 

2. How is grain thrashed? (By hand; by a hand mill, at a commercial 

mill?) V :i. . Ilil- ■ |1 II 1 HI | : If | 

.| . a, : .V;.S; a : .y P V'Pah/s ? VP; .T' ■ .. ^ 

3. Is maize removed from the cob, left to dry with the covering?; left to 

. dry on the cob but without covering? ; ' » 

^•/ Of wbat.are made local storage containers:of grain? Banana or sisal 
/ fiber,.bark, reeds, bamboo splits, mud. jars, oil drums, corrugated: 
m metal-sheet granaries?! p , x : . - p fT.' v ' 

5. Where are grains stored? (In the habitation, in a pit, in a building di¬ 
rectly on the ground, on a raised platform?) • 

Knowing the types of traditional storage methods tells you some¬ 
thing about the type gf technology already in use. It is easier to teach 
people to use an improved mud silo if they already use mud for build- ? 
ing than if they merely tie maize cobs on the branch of a tree. 

6 . Are there farmers in the ar^a already using improved storage techni¬ 
ques? ■ ■ .' 

What techniques, are being -used? ;? •?* ? p 

7 . How did these farme r s learn?. • I ....-— 

Are there indications that these techniques are spreading? 


CONCLUSIONS 

Once you have gathered the information asked for by the questionnaire:, 
you will be ready to take up some of the methods for popuiariiipg,|firir;. 
■proved grain storage methods that ghe?'butt 
‘Popularizing Improved Methods of Farm and Village-Level Grain Star- 

& . ..... :•?' •••'• v; . 

age Technology”. ' 

The questionnaire will help you to discover the -rftajy :h¥h.' 

even if they are pioale 
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